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PREFACE, 



It was &om the want of any snifficient treatise, that I could put 
into my pupils' hands, on the subject of Land Suryeyino and 
Lkvsli«in6, and the inconvenience I experienced in consequence, 
wbile engaged in my professional duties, as Lecturer at Sing's 
College, London, that I was induced to compile the following pages. 

I found many parts of the subject ably discussed, scattered in- 
differently among several authors, but none sufficiently eonsecutiye, 
or in detail, to suit my purpose. 

Most of them were too elementary<-*confined to Chain Surveying — 
and sometimes not referring, even in that, to the modem system 
of " tyeing in/' as it is called, or triangulating. 

Others, on the contrary, were either purely military, or were so 
completely analytical, tiiat, though of invaluable assistance to the 
professi(mal man of science, they were, from the omission altogether 
of the more humble details of operation, both of the Chain and 
Theodolite, unfitted for the use of the civil surveyor ; and not one 
of them contained any information on the subject of the Circum- 
ferentor, or seemed sufficiently Dlustrated with plans and field notes* 

From the direction also, that education had now taken towards 
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the arts and sciences of life, in most public and private schooU, I if as 
induced to think that the present would be found a desirable school 
book, among the higher forms, as a full and corrected treatise of the 
theory and practice of Surveying. At the same time 1 trusted, that, 
by supplying the previous deficiencies, I should be furnishing the 
Surveyor with a complete vade mecum of reference. 

To fulfil both these objects, preliminary chapters on the most 
useful Problems and Theorems — on the Nature and Use of Loga- 
rithms—on Mensuration of. Planes — and sufficient Trigonometry 
were introduced into the first edition, to enable the reader to under- 
stand fully any of the subsequent Trigonometrical Problems. 

Having, howeyer, since the publication of the first edition, written 
another and more elementary work upon this subject, which was 
prepared expressly for the use of the upper forms in Schools and 
Colleges, called the ''Elementary Text Book.'* I have thought 
it unnecessary in this, the second edition of the larger work, to 
repeat the elementary portion ; T have been by this means enabled 
to devote more space to the higher parts of the subject, and to make 
the examples and illustrations more numerous and complete. 

The work has been divided into five parts. The first three Qpn- 
fined to Surveying ; the fourth, to Levelling ; and the fifth, to 
Engineering Field Work. 

That portion, which refers to Surveying, has been, for facility of 
reference, divided into the Chain, Theodolite, and Circumferentor*- 
containing copious field notes, plans, and diagrams, of each kind, 
together with drawings of the TheodoKte and Circumferentor, and 
ample descriptions of their uses and adjustments. 

In the first part, on ,Chain Surveying, The difference between the 
methods requisite for Parish and Railway Surveying has been fully 
explained, and plan and field notes have been given of each. 
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In the second part, on Trigouometrical Surveyiug ; all tbe iudis- 
pensable practical problems have been both theoretically explained' 
and practically illustrated by actual field notes ; the calculations in 
most cases being fully worked out. 

In the third part, on the Circumferentor — an instrument, which, 
in this country, has been hitherto almost exclusively confined to 
Mining Surveying, a full and practical account with ample Field 
Notes, Illustrations, and Calculations, has been given of the method 
of using this instrument in surveying 'in new countries, being the 
result of the Author's five or six years practice and experience under 
Government, in the province of Upper Canada. Under this head 
have been inserted, though equally necessary for Railway Surveying 
and Levelling, a few practical methods of determining a meridian. 

The mode of obtaining the latitude has also been given, as neces- 
sary, in some cases, to the preceding. 

In part the fourth, which is devoted to Railway Levelling, a full 
description has been given of the mode of using and adjusting the 
best kinds of Spirit Levels of the day, such as, the Y, 6ravatt*s 
Dumpy, and Troughton's Improved. 

The various kinds of Levelling, viz.. Trial Levelling and Cross and 
Final Levelling, have been fully explained, and illustrated, and the 
whole of this part has heen considerably enlarged. 

The information contained in it is of the most comprehensive 
character and will be found invaluable to the young Leveller. 

Field notes of both the Main and Cross Levels have been given, of 
9ome miles of Railway with Sections complete. The method of com- 
puting the lowering and raising of the approaches has been also 
given ; and Drawings of the sections ^nd cross sections, conformably 
to the regulations required for plans, that are intended for parlia- 
mentary deposit, have been added for illustration. 
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A speeud Example haa been added of a portion of aline of Section 
taken orer the same Plan as is given for an Example of Railway Sar- 
yeying, in order to explain the different methods of calculating the 
superficial and solid quantities required both before and after the Act. 

The several methods, whether correct or incorrect, adopted in 
practice, for calculating the cuttings and embankments, have 
been carefully investigated and examined, and corrections given for 
those that are wrong ; and practical examples have been annexed, 
fully worked out, by the Prismcidid formula—hj Bidder's tables — 
and checked by a new Formula, which is specially adopted for cut 
tings of any length and height, for which I am indebted to Professor 
Moseley, late of Kings College, London. 

In the fifth party an Engineering Field work, have been explained the 
theory and practice of running out Railway Curves, with their several 
checks and corrections, together with the mode of calculating the 
widths of the line and putting down the side stakes. 

And lastly, there is an Appendix of Field Notes of two Railway Sur- 
veys and a Traverse Table of Latitudes and Departures to any distance j 
and to minutes of bearing. I 

I have now to acknowledge my obligation to the works of several 
authors, to whom I am indebted for much valuable assistance : among 
others, to Hall, Bridges, Keith, Hutton, Gummere, &c. &c. 

Having intended these pages, as much for those who may have no 
opportunity of obtaining the assistance of a master, as for those who 
have, I have, in every case, annexed examples for practice ;— to most 
of them have been given answers ; to a few, when the same result 
could be obtained by two or three methods, as additional practice for 
the Student, the answers have been omitted. 

Before concluding, I have only to appeal to the kind indulgence v ^ 
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of my readers for any mistakes that may have crept into the work, 
reminding them, that as there is a greater nnmher of examples given 
in this work than in any other upon the same subject, some slight 
indulgence in that respect may be reasonably conceded. 



Adelphi, London, 

March 2, 1847. 
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CHAP. I. 

ON THE CHAIN, 

As every measurement, whether of work, solidity, or super- 
ficial extent, must be measured by some unit, to which it can 
bear constant relation, it has been concluded in the case of 
laipid measurement, to make that unit an acre ; the acre, or 
arpent, is the generally recognised unit of land measurement ; 
it varies, however, considerably in different counties.* 

The Statute Acre in England, however, to which all the 
others must be reduced, consists of ten square chains, or one 
chain front by 10 chains deep, or of its equivalent rectangle 

aar, whdre a can be any number, and x = — square chains ; 

a 

* For the different value of the acre in different counties of England, and for 
the method of ranging and measuring with the chain, see my Elementary Text 
Book, pages 29 and 94. 

B 
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2 OFFSET STAFF — CROS6 STAFF. 

each chain contauung 22 yards, or 4 poles, or 66 feet, or 
100 links, and each link 792 inches. 

The acre, therefore, is equal to 10 square chains. 

or (4)* poles x 10 zz 160 square poles. 

or (22) » yds. x 10 zz 4840 square yards. 

or (66)* feet X 10 = 43560 square feet. 

or (lOO)*^ links x 10 = 100,000 square links. 

/ f (TV 

The Offset Staff. J trrP V^*; , 

Is a narrow slip of wood about \\ inch widffbjrl kidbi tj^tji, 
and generally 10 links long, divided into links ; it is made of 
deal or some light wood, and should be furnished at one end 
with a small notch or hook, to put the chain through the 
hedges, and at the other with a dibber to make holes for the 
flags. It ought to be numbered on both sides, from different 
ends. The use of it is to measure short distances, called 
offsets^ from the line to the hedges, && 

Note. — [These ofisets should never, unless under peculiar 
circumstances, exceed one chain.] 

As these ofisets must be measured at right-angles to the 
chain, the surveyor should stand on the opposite side of the 
chain to the hedge or object to be measured to, and walking 
along the chain, looking at either end, mark where a perpen- 
dicular from the given object would fall upon the chain. 
These are but approximations, but practice will soon make 
them as practically accurate as is necessary. 

The Cross Staff. 

This is an instrument used solely to lay off right angles. It 
has been fully described in the Text Book. In addition to 
what has been there said about it, it may only be necessary to 
add here, that, in the measurement of straight-sided fields, 
when the perpendiculars are taken from the diagonal to the 
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opposite comers^ considerable trouble is practically expe- 
rienced in determining the position of the perpendiculars on 
the diagonal ; and two or three trials are often required, when 
accuracy is wished for. To remedy this, a little portable in- 
strument was invented by a friend, which can be carried in 
the hand, and which at once determines the required position 
of the perpendicular. It is a small oblong piece of wood, of 
about two inches thick, with two pins placed vertically, having 
a small mirror, at an angle of 45^ which being held in the 
line of the diagonal, and turned towards the flag, which is set 
in the comer of the field, gives you, when your hand is at the 
required position, the reflection of the flag in the same line 
with the pins. 

By holding tiiis in your hand) keeping tiie pins in the direc- 
tion of the diagonal, and Walking along it till you perceive 
tiie reflected flag immediately in the line of the pins, the true 
portion of the perpendicular can be correctly determined. 

It is a simple but very useful instrument. 

This litde instrument might sometimes be advantageously 
called in by tiie Railway Surveyor, when he is much pressed 
for time — as in running his base line, he has but to observe 
carefully, where perpendiculars, from the comers of the oppo- 
dte hedges, would fall upon it, and put down stakes. The 
distances subsequentiy measured from these stakes to the cor- 
ners, would give him the shape of the fields — roughly it is 
true, but not more roughly than, I am sorry to say, is in many 
cases unavoidable, from the unreasonable demands that 
engineers make upon surveyors, and the amount they insist 
upon as tJieir measure of a fair day's work — an amount, that, 
borrowing several hours every day from the^^night, and send- 
ing in work of such quality as may reasonably, under the 
circumstances, be expected, the surveyor is scarcely even able 
to keep up to. Why, even this year (1846), when there is 
little work doing, I have known instances, in the short month of 
November, of surveyors having been asked to do two miles of 



FIELD BOOK. 



survey in the day. What can fidrly be expected, but that^ if 
there is any opposition to the line, such work must inevitably 
be thrown out on standing orders ? 



CHAP. II. 

THE FIELD BOOK. 

The field book should be of a convenient size for the pocket, 
having the left page ruled with a central column, and the 
right page left blank for remarks. The central column should 
be headed " Chains,'" on either side " Offsets/^ and the right 
page ^^ Remarks.^ 

The central column is intended for all actual lines measured, 
and, by commencing ^rom the bottom of the page, the page be- 
comes a smaller representation of the reality with the line 
measured fi:om you, and the offsets, at their respective dis- 
tances on that line, taken at so many links to the right or to 
the left, as are actually on the ground. In keeping the field 
book, it Jirst should ever be remembered, that the central 
column is virtually but one line, representing the chain, the space 
within the column being merely required for the several distances 
on the chain, whence the offsets are taken ; and, secondly, that all 
offsets, read either way, outward from the central column, in the 
same way as they are measured outwards from the chain* 

To preserve uniformity, as it is more natural to measure 
firom left to right, the place measured yro/w, is put on the left 
of the central column, at the bottom of the line, and the 
station measured to, is put at the top, to the right; the points 
of commencement and termination of the line can thus be 
immediately seen. 
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The book should be interleaved with blotting paper, and 
the entries, if possible, should be made in ink. The pages 
should also be numbered, before beginning, for facility of 
reference. 

If the direction of the line is determined by an angle taken 
by the theodolite,"or the bearing of the line be given by the 
circumferentor, the angle of the former or the bearing of the 
latter is^placed in the central column, immediately above the 
starting point 

When the line crosses a road, or hedge, &c., make corres- 
ponding lines in the field book, as, in the example of the 
West End Hampstead Survey, at the several distances, 0*13; 
0-40; 10-90;^10-95(/?«^<?12). 

In taking ofisets to corners of fences, houses, &c., mark the 
relative position of the comer as to the chain line, see distance 
(in the same example) 0*13 on base line, where there is an 
o£&et of 6 links on the left, to comer of pond ; 0.40, where 
the other side of pond crosses, there being an ofiset, on the 
right, of 20 to the comer of the pond, and 15 on the left; 
and generally, be careful to make the field book, as much as 
possible, a^ac simile of the ground itself, with each post, hedge, 
house, &c., placed on the book, in the same position with re- 
spect to the centre column, considered as a line, as they stand 
to the chain on the ground. 

Stations are generally expressed in the field book by the 
following character A* which, in the plan, is represented by a 
circle in pencil, drawn round the station point, which should 
be always that of a needle. 

I would never recommend the use of letters for stations in 
Chain Surveying. In the first place, they are soon exhausted ; 
in the second, they in no way assist the memory. The base 
LiNB, perhaps, had better, when referred to, be termed the 
hose line AB, in contradistinction to the secondary lines, which 
are required in surveys of some extent, and are virtually basq 
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lines to their own portions of survey, and may be lettered CB, 
EF, &c, &€• 

In all other cases^ distinguish the lines by their lengths^ and 
the points upon them^ by the distances of those points fix»n 
the zero end of the lines, thus, in the same example before 
noticed. From 11*89 on 1189 to A on base line; the line 
21*08 running fix>m the end of the line 11*89 to the beginning 
of the base line, &c. 

In theodolite surveying, it is better perhaps to use letters 
(see example), as the stations are but few, and mostly come 
within the exception above referred to^ letters, in this case, 
as usually applicable to trigonometrical stations, may be, 
therefore, more characteristic and distinctive. 

Surveyors sometimes take the bearing of the base line at 
the commencement of a survey, and enter it at once in the 
field book ; this enables them to plan the estate in I'eference 
to the meridian line. It must be remembered, that this is but 
the magnetic bearing, and must be entered as such. 

NoTB. — The usual boundary of the field, where the ditch 
is between it and the hedge, is the brow of the ditch, or that 
edge of the ditch which is furthest from the hedge. This, 
however, is not always the case, as sometimes it is the stem of 
the quickset, or the roots of the hedge; depending upon 
local custom. 

The common allowance from the quick root, for the brow 
of the ditch, varies, in different places ; being 5 links, 8, and 
sometimes as many as 10 links. 

When between fields, it is ordinarily 5 links ; when the 
ditch separates two contiguous properties, 6 ; and adjoining 
waste lands, moors, commons, roads, &c., generally 7 links. 
A wall is generally the division line between the properties, 
on which side soever the ditch may be placed. When there 
is a boarded fence between two fields, the fence belongs to the 
occupant of the other side to where it is clap-boarded, as the 
.nails are considered to be driven home. 
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The centre of a stream running between two propertiefl, 
is usuallj the boundary line. 

In most parishes in England, a parish ditch is the boundary ; 
the course of this ditch having been altered by time and 
circumstances, will account for the apparent freaks of the 
division of properties, which is so striking in the map ; run- 
ning across fields, dividing a pond, and putting one end of a 
street in one parish, and the other end in another. 

It is particularly imp<Mrtant in taking the notes of any 
survey, whenever any of the measured lines cross, or come 
near any of the division lines of the adjoining property, that 
these division lines should be noted in the field booL It at 
once localises the estate surveyed, and is oftentimes of great 
use to the surveyor afterwards. 



8 



CHAP. m. 

SURVEY OF A SMALL FARM. 

The following example of the Field Notes and plan of a 
fium near Hampstead are subjoined for the practice of the 
reader. 

The work should be plotted from the notes, the areas calcu- 
lated, and the whole compared with the originaL 
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14 PLOTTINO. 

General description of the Notes and mode of plotting, 

AB is the base line, which runs through the survey. It is 
so selected as to run through, as near as possible, the centre of 
the &nn ; on each side of this are based the various triangles 
by which the hedges and buildings upon the &rm are ob- 
tained. 

It commences from a point, marked A on the plan, near the 
comer of a field, and has the following offsets upon it: at 0*13 
the near side of a pond crosses and extends 6 links to the left ; 
at 0*30 the left offset to comer of pond is 15 ; and on the 
right 20 links; at 0*40 the other side of pond crosses; at 
0*50 it is 10 links to further angle of pond ; at 10*58 we come 
to a station; at 10*90 the hedge; and at 10*95 the ditch 
crosses; at 16*24 we arrive at another station. At 16*30, 
where ditch crosses, it is 42 links to the comer formed by 
junction of cross ditch on the right; at 16*45 hedge crosses ; 
at 28*20 is the station B, the other extremity of the base line, 
and at 28*55 the hedge of the high road to Bamet crosses. 
This being the termination of a .line, a single line is drawn 
above this. 

The next line turns to the right, denoted by the mark I ; it is 
11*89 long, and has various stations upon it, viz., at 3*90 we 
come to a station ; at 3*93 it is 60 links on the left to comer of 
field; at 4.05, hedge and, at 4*23, ditch crosses; at 7*00 an 
offset on the left of 85 to ditch; at 9*50, which is 90 links to 
ditch on the left, is a station ; at 9*60, hedge ; and at 9*85, 
ditch crosses; at 10*00 is a station, and at 11*89, being 10 
links on the left to ditch, is another station. A single line is 
drawn above this. 

From this point we again turn to the right ; and at 5 '66 we 
come to a station, at a gate post; the other gate post is 
16 links off on the left. At 6-00 chs. it is 30 links to ditch 
on the left; at 7*00 chs. 42; at 8-00 chs. 58; at 9*00 chs. 
73; at 14*60 chs. the offset on the left is 1*60 to ditch; 
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at 20*00 chs, it ift 76 ; axul at 21*08 we come back to the 
starting point A^ on base line; at 21*12 hedge crosaes; at 
21*22 ditch crosses; and at 21*48 it ia 60 linka on the left, 
to comer of a bend. Thia being a return to an old atation, 
a double Ime is drawn above to denote it 

We have now three lines, the base line, and two other 
lines, viz., 11*89 and 21*08; the former running from B, 
the latter from A; from B and A, therefore, aa centrea, 
describe the distances 11*89 and 21*08, intersecting each 
other in C; BC, and CA will be the direction of these 
two lines, which are now become '* fixed ;" thia line ia now 
produced to 21*48 chs. 

The next line runs from 10*58 on base line to a atation 

5*66 on 21*48. It is consequently a check line, though, as 

it is not measured expressly for that purpose, it ia not ao 

termed in the notes. Let the reader, thereibre, mark off 

these two pointe upon their respective lines, on his plan, 

and measure with his scale the distance between them. If 

this distance ia 7*00 chs. the work is thua far correct, and 

the ofl^t may be put in. The offsets upon this line are 

these, viz.— At 1*00 chs. there are 20 linka to the hedge, 

and 10 beyond that to the frulher brow of the ditch ; at 

3*59 ia a atation, by the side of a tree ; at 3*72 it ia to 

hedge, and 10 to ditch and comer of field; at 3*80 the 

line crosses the ditch of a small enclosure, which, at 4*00, 

is 3 linka from the chain line; at 5*11 the enclosure ends; 

the distance, on the left, to the fence of farm yard, here, ia 

16 links; at 5*30 the offset is 18; at 6*00 chs. 22 ; at 6*30, 

50 to comer, and at 7*00 chs-, where ditch crosses, we come 

to an old station, 5*66 on 21*48; a double line is also put 

above here to signify this. 

It will be found that the following line also, running as it 
does from a known point, 16*24 on the base line, to another 
known point, 3-90 on 11*89, is a check line ; let the reader try 
this also by his scale. The offsets upon this are so simple, 



16 GXKBRAL BBMABK8. 

they need not be referred to, being taken merely for the sake 
of the ditch which runs by the side of it 

The next line starts from 16*24 on the base line, and turns 
to the right ; it runs to no previous point, and is, therefore* 
a loose line, as until some other point upon it is connected 
with a previous known point it may be drawn anywhere. By 
looking at the following line it will be found to be tied in at 
the end to a previous point, lOOO on 11*89, by a line 5*09. 
Now it is no longer a loose line. From 16*24, on the base 
line, and from 10*00 on 11*89, as centres, describe the two 
distances, 4*56 and 5*09 ; and these two lines will become 
fixed ; their intersection is at the comer of the farm yard 
(marked No. 6 in the plan). Offsets might now be hud upon 
them, were it not that it were better to wait for some check line 
to prove their correctness. 

On examining the field notes, the following line will be 
found to answer the purpose, as it runs from the point of intern- 
section to the old point, 5*66 on 21*48. Place the scale be- 
tween these two points, both of which are upon the paper, 
and try them ; the distance between them should be 2*50. 

The oiSfeets of these three lines can now be put in. As to 
the first line 4*56, the first distance 0*40 having an offset of 
15 to the left, shews that there is a cross hedge there, being 
the comer of field No. 3. At 1*34 the line crosses a straight 
fence belonging to the farm yard. This point is also made a 
station. At 1*60 the line crosses the ditch between the field 
4, and the farm yard 6, running now through the former ; the 
offsets which were previously on the left being subsequently 
on the right 

The ofiseton the two lines need no explanation. 

With reference to the next line, on inspection of the plan, 
a small shed will be seen in the farm yard, contiguous to the 
line, 2*50, but not near enough to take an ofiset correctly. 
The line, 1*70, was, therefore, taken ; it rans from 1*17 on 2*50 
to 1*12, back from 7*00 on 7*00 ; that is, to a point, which is 
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1-12 back from the end of the line 7*00) in other words to a 
point 5*88 in that line. 

Note. — It might be considered (and by beginners generally 
is) far more easy to write down "to 5*88 on 7*00 " at once^ but 
practically, this objection is found to obtain, that, though in 
the field the distance 112 may be correctly measured, yet, in 
the hurry of field work, the subtraction of that number firom 
7*00 may be incorrectly done, and as the only entry then made 
in the book would be the result, the actual measurement 
would be forgotten, and there would be no correcting it The 
insertion of the measured distance in the notes^ and the 
leaving of the work to the office prevents the possibility of 
this. 

The ofisets of this line, 1*70, seem so clear, as scarcely to 
need explanation. It may, however^ be mentioned, perhaps^ 
that the length of the shed is from 0*85 to 1*17, and the width 
20 links ; not being parallel to the chained line, but at 0*85, 
being 16 links off, and at 1*17, being only 10 links. 

The line, 4*17, which comes next, runs along the railing of 
the farm yard. It is taken to get the fium house in. Th6 
dimensions given in the notes will su£Sciently explain the 
mode of obtaining the position and shape of it At 0*89 it 
is 8 links firom the line ; at 1*88 it is 4; at the former it is 
56 links deep ; at the latter only 21, having a ^' set in " as it is 
termed. The distance upon the chained line, 1*45, will shew 
the extent of this ; 21 and 35 will make the 56. 

Note. — ^It is generally desirable, where, as in the present 
cases, there is a block of buildings together, to score the lines 
in different directions. This at once distinguishes one part 
fi:om another, a matter of considerable moment, where there 
may be different ownerships and occupations ; in the present 
case, the house is the smaller portion on the right, the re-^ 
mainder is the bam. 

This is also another check line, and therefore has two lineal 

over it ^ 

c 
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We now come to field No. 5, which requires two or three 
triangles to complete it ; 8O0 che. and 5*49 are the two sides of 
the larger triangle, and 6*03 and 1*64 those of the smaller, 
the laiger triangle having no check, but the smaller; the Une 
l*63runningfi'omthecornerof the field to 8*00 on the line 9'63. 

This closes the fiffht side of the base line. 

The measurements on the left are merely a succession of 
triangles, beginning at the field No. 1 , each based upon the 
preceding ; the first upon the beginning of the base line, and 
the last checked by a check line to the end of the base. 

The first triangle is 9*97 and 6*89 ; the second 6. 16 and 
4*40 ; the last, the larger one in field No. 3, being 20*60 and 
10*77, having a check line running fi*om 11*00 on the former 
to B on the base line, and being 6*46 long. 

There are no offsets of any moment upon these lines. 

Calculation of Areas. 

Take each field separately, and treat them as at page 52 of 
the Text Book> by dividing them into triangles. The ^^ second 
fenethod", as given irt page 54, ^^ by gwing aaid takingly is the 
plan universally adopted in practice, in changing the irregular 
lines of the hedges into the regular sides of the triangles, fi'om 
which the calculations are made. 

Th(3 arefls thus foiind diould correspond with the areas oil 
the plan. 

The plan in the book is plotted to a scale of 5 chs. to the 
inch. It would, however, be better for the student to plot his 
to a larger scale, say of one or two chains, and compute his 
own areas. 

In ofiices, where there is much work, it is usual for two 
parties always to be engaged in this computation, and fi^r 
separate sheets to be used ; the one for the scaling, the other 
for the working. 

A column is drawn in one sheet for the nvyj{?bers of their 
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fields^ and another column for the various triangleB, in which 
each field is divided ; in this column are entered the base and 
perpendicular, thus for example : 

Field Perpendicular. Base. sq. chains. Area. 

XT o 2-40 + 4-60 

No. 3. ^: X 3-20 = 11-2000 

14*40 

iijir.x 2-40 =: 17-28 

St 

On the other sheet is entered the working of them, having 
also one column devoted to the numbers of the fields, so that, 
in case of any error being suspected, the one sheet will at 
once shew on examination, whether the lin£$ have been pro- 
perly scaled; the other, whether the calculations are correct 

The whole of the areas are entered in this way in cor- 
re^^nding sheets, and filed, as office documents. 




CHAP. IV. 

EXAMPLE OF THE USUAL ARRANGEMENT OF LINES OP 
A PARISH SURVEY WITH THEIR CHECKS. 

This example is that of a larger portion of country, compri- 
sing mvm 60 or 80 fields, 7 or 8 roads, a village, river, canal, 
&c., and a line of rail road running through a comer of 
it, towards the village. It is an actual survey of a 
portion of the county of Derby, in the parish of Willington. 
A base line AB has been selected, contiguous to an inten- 
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ded line of railway, and running through the whole of the 
survey, intersecting ihe road HC at C; the road GK at 
D; and the road M\) at E, which distances are carefully 
marked in the field book. Where the base line crosses 
the hedges also, at the most favourable place for ru n ning 
cross lines along the hedges, stakes must be put in, and 
the points carefully noted, taking offsets en route to any 
hedges or corners of hedges, fences, or other objects, that 
may be within an offset distance. 

Note.— The methods as given below, the student must bear in 
mind, have been supposed free from those local obstructions 
which will often materially change the arrangement He 
must keep in view the difference he will find in laying down 
a method of survey, when all the plan is before Mm, and he 
has a bircPs eye view of the wholcy whieh is supposed to be 
perfectly flat and free from every obstruction; ^bh^ whem 
ignorant of the locality, imable to comprehend its content at 
a glance, he has also to contend with the local difficulties of 
hiUs, vallies, woods, rivers, houses, &c.; in fact, of all 
that constitutes, in all cases, the difference between theory 
and practice. 

The method actually adopted would be, in order to avoid 
any needlessly going over the same ground twice, to commence 
at A, measure AN, N VH, then HC, CV, and the fields within 
the block VCH and NC. 

From H, the next line measured would be HG, observing, 
carefully where the best stations could be taken for the cross 
hedges, on the same side of them, as the stations were selected 
in the base line. 

Then measiure GD and HD, observing, in measuring HD, 
to have the range of the line carefully defined, where the 
several hedges cross ; so as accurately to define the several 
points in the line CD, where the cross hedge-lines, fi'om AB 
to HG, intersect By this plan, all these cross-lines are check- 
lines. 
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Produce GD, to Kj, in the same straight line; measure 
KC, taking notice as before, where the cross hedges 
come, and on their proper side, and complete the block 
HGKC. 

Then measure CL and LK. 

Now return to Of and produce HC|-^o F, where it 
intersects the base line ; marking the several points P, 
Y, and X, upon it, and the several cross hedges.^^^^ 

Then firom D produce HD to X*f and from M, measure 
a line in range with EX, wl)kL produce to O ; join OB ; 
thencopplete the block GXli^D, and the triangular piece 

kdm; 

There now remains but the part adjoining the village. 

FromP measure PRS, and join ST; then produce VR 
to by and join ba. The lines, aT, TS, SR, Rft, will tie the 
whole of the houses in. 

This must always be the plan adopted in the survey 
of a village, or farmhouse, or homestead ; to confine 
all the areas within' one triangle, whose three sides 
should severally pass through the principal points of the 
place. 

Having given the method, adopted in practice, for saving 
time in the survey of the plan, we will proceed to explain the 
nature and use of the several main lines. 

The line ME, of the triangle DME, is the measure of the 
angle MDE: but CH, in the triangle CHD, is the measure of 
the opposite and equal angle CDH. Therefore, the measured 
and the determined distance, agreeing or disagreeing, of either 
the side CH or ME, is a proof of the correctness or incorrect- 
ness of the angle at the vertex D. 

Produce ME, the fixed line, to O ; any points upon this 
production are siso fixed. The point X, which is in a range 
with the road HP, is fixed ; and H, being a fixed point, the 
length of HX is determined. 

Its measurement becomes a line of verification to the oppo- 
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site angle HMX, or (MDE, being supposed correct,) of the 
supplemental angle DEM: which is the angle that this new 
line MD makes with the base line. The tone OB, if the 
nature of the ground mil permit its being meetsured, mea- 
sures the opposite angle B£i^ and is another check upon its 
correctness. 

Again, MX is the measure of the angle MHX; GD is also 
the measure of the same angle. 

The actual distance of GD, compared with its computed or 
determmed distance, is a check upon the correctness of the 
length of MX. 

Having determined the correctness of these triangles, there 
can be no error of any moment in ihefiUmg in. 

In fact, all the lines used for the measurement of 
the offsets to the cross hedges, are only so many additional 
check-lines to the triangles, or measures of the angles at 
their vertices. 

EK being determined by the previous measurements, its 
measured distance is & check upon the angle CDit, and 
therefore, upon the direction of the line KG, relative to the 
base line AB. 

The correctness of the triangle, CLK, is secured by the 
common check line to its vertex Lc. 

The triangle AHC, having in AC a portion of the base 
line, depends upon the correctness of the measured distances 
AN and NC. 

A being thus a fixed point, as well as H, measure 
the line NH, and as H has been previously assumed 
correct, HN is a measure of the angle NCH, which is 
the supplemental angle to the two known angles HCD, 
ACN ; the length VC is a check upon the distances CN 
andCa 

Now returning to the other parts of the survey, the line 
H^, produced to the base line at F, is an additional verifica- 
tion of the whole of the trianguldtion. 



To ^Qflore a eontct mavej of the village, obaerfe that the 
line MOa pasaee close to one side of it. 

From P, drairing PBS through B, and joiiuqg ST, you 
have kno¥m lines ctiaae t9 ih$vilkige ou auoiher aide; producmg 
¥B to a ppifiti, such that a line ba shall pass close to th^ 
third side of thp village, you sunoimd the whole with afixed 
tiaangle. AU errors nmst be confined %cUhm this limit; and 
all lines, iox the measiurement (^ the streets or lanes, 
earned tluough to either of the sides of this triangle, are, 
as in the oase of the cross hedge-lines, in the first part of 
the purvey, virtually but so many ccHTobative checks of its 
accuracy. 



CHAP. V. 

RAILWAY SURVEYING. 

JPreUminary JUmarks. 

As in ail matters connected with srarveyiog as well, in fact, 
as in the ordinary affaii« of every day IMe, the express object 
cf the survey riiould always be borne in mind ; it must be re- 
membered, that the spc^cial object of Bailway surveying is a 
siarict compliance with tiie standing (orders of Parliament These 
orders involving not so much a faultless repres^atation of this 
i)r that hedge, of the width to a few links of this or that river, 
but a positive insertion of every thing required by those orders, 
and generally such ^ accurate representation of the bound- 
aries, &c., as may enable an owner or occupier to distinguish 
his mdividual property or occupation. 
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This is the grand object of a railway survey. While on tithe 
or p^h surveying, it is a general and particular accuracy in 
delineating every portion of a parish, such, that not only one 
part of a field should be the exact distance from any other 
part, but that the field itself should be correctly placed with 
respect to any other field. In the former, the purpose is 
answered, if the base line through it be correctly measured 
and the fields on either side, within the "limits of deviation** 
stand relatively in the right position — ^beyond them, errors 
are of no importance ; while the latter requires, both in the 
base line, and its subsidiary lines and triangles, equal 
correctness. 

Jn parish surveying, first class plans have been returned for 
one or two poles of error. In railway surveying, on the con- 
trary, (I am strictly speaking of a parliamentary survey), it is a 
matter of little moment whether a field contains 5 acres and 
25 perches or 5 acres and 1 rood. In permanent railway sur- 
veys, of course there ought to be the same correctness |as in 
parish surveys. 

In the insertion of a right of way, it is generally considered 
sufiicient, although its position may not be strictly correct, if 
the deviation &om the true spot does not exceed some 10 or 
20 links. 

I am quite aware these things should not be, but they do exist ; 
the indecision of companies, the difficulty of raising a sufficient 
sum to commence the survey upon, the necessity of waitmg 
until the crops are o£P the ground, and various other practical 
impediments, have always had the effect of delaying the com- 
mencement of the work, until it becomes impossible to com- 
plete all the requirements for the standing orders, and at the 
same time do it with the accuracy of a tithe commutation 
purvey. 

There is, therefore, — and it necessarily follows, that such 
should b^ the case — a great difference, both as to the results, 
imd also as to the mode of conducting the operations, of these 
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two kinds of survey. It may be useful^ therefore, to give the 
student an example or two, of railway surveying as distinct 
from the other. 

These examples, I will endeavour to make as practical as 
possible ; having always in view this special characteristic of 
railway surveying, or rather, as I before observed, of parlia- 
mentary surveying, viz, that of leaving nothing out which is 
required by the standing orders, "and of throwing away no 
unnecessary care upon, (to them) immaterial details." 



CHAP. VI. 

MODE OF CONDUCTING A RAILWAY SURVEY. 

The most important part of railway surveying, is the 
selecting and running the several hcLse lines. 

In consequence of the ordnance surveys, one half the 
trouble is saved in this country (at least south of the northern 
part of Yorkshire) which is unavoidable in most others. — The 
ordnance maps are invaluable to the engineer. Furnished 
with the maps of that portion of the country through which 
the railway is intended to be made, he has only to drive 
over the ground and personally examine the locaUty — a few 
days will enable him to mark the direction of the line upon 
the maps. These maps have only to be handed to the sur- 
veyor, who can at once proceed with the survey. — 

Although, not immediately in my province here, I may be 
permitted, in writing a book on surveying and levelling, to 
address a few words to engineers themselves. 



X 
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Some engincere, eager to commence operations, do not ge^ 
nerally take sufficient time to obtain for themselves sufficient 
information. During the last season (1845 — 46) I have seen 
s^ious coneequences resulting from this, and these in several 

cases. 

They receive instructions to get up a line from A to B, 
order maps, drive over the ground> making a few local en- 
quiries on the way, draw the line in upon the map, as they 
pass through, return home, send copies of the line to the sur- 
veyor with orders, to put some one upon a trial level, but 
to go on at once with the survey, only taking care to make it 
double the Parliamentary width on each side, so as to allow 
them plenty of room to deviate, should they at any time 
during the survey desire to do so. 

What the consequences may be, I am not now speculating 
upon ; what they actually were, the numerous cases that oc- 
curred last year, will amply testify. 

The surveyor, having double the work to do, (by having 
double the width) ought really to have double the usual sum 
per mile ; but this would be unjust to the company. If then 
he is only paid half what he ought to be, when he has double 
the work to perform, he must necessarily pay the same in 
proportion to those he employs, who, if they-are good and 
honest hands, hurry through the work, to complete their con- 
tract, but pre-engage themselves to other parties, to perform 
some other work, after their completion of this, and if any 
deviations are required, decline undertaking them. 

If they are dishonest persons, (speaking morally) they slur 
the work over, knowing they are not fully paid, by finding it 
necessary to do double the work in the same time, in order to 
realize ihe same profit from it ; and as Aey cannot tell where, 
within this double width, the base line will really go, they 
take the chance of their inaccuracies being beyond the limits 
of deviation. 

Besides these, there are other evils that indirectly, but 
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necessarily accompany thb practice. The attention of 
the surveyors is unavoidably divided, being spread over 
double the width, so that, instead of concentrating all their 
energies to prevent inaccuracies, or omissions, within the 
" limits of deviation'', (and beyond tiiem they are not cogniz- 
able) they know not how far these limits will extend, nor 
where to direct their more particular attention to. 

The uncertainty of the position of the line is also most 
seriously injurious, when it crosses high roads. Were the line 
fixed, so that the distance upon it, where it crossed the road, 
was known, any error in the angle it made with the road, 
would be a matter of little moment ; but having the line un- 
fixed it might cross it at a point which, from the error alluded 
to, would make the distance between that and the preceding 
road different upon the plan and section, a discrepancy, which 
forms a favourite allegation of non-compliance with standing 
orders. 

It is most important that the base line of the survey should 
be as near as possible to that of the proposed line of railway ; 
as all distances upon the base line, if carefully measured, 
must necessarily be correct, and whatever errors of direction 
may exist away from it, must consequently increase as the 
distance from it increases. 

To enable the siureyor to run his base lines as near as 
possible to the rail line; this should be decided upon, if 
pos^ble, before the survey is commenced. 

To do this, instead of the engineer giving directions to 
the surveyor, to commence the survey of the line, and the 
trial levels simultaneously, he should invariably have two or 
three trial levels taken, so as to satisfy himself of the best 
course for the line, and then give the orders for the survey. 

If this plan were universally adopted, the results of the par- 
liamentary ordeal of standing orders, would be very different. 
This is one thing that gives the advantage to old companies in 
obtaining their branches. Their engineer has learned the 
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necessity of this plan by experience ; and they themselves 
know better what branph lines are really required, and at 
the same time, both where the country is best fitted for a line^ 
and when they are least likely to meet with opposition, and 
also where they may have greater weight and influence to 
overcome any attempts to oppose them. 



CHAP. VII, 

RUNNING OF BASE LINES. 

1. "As a general rule, run your base lines as close upon the 
direction of the proposed railway as you possibly canJ^ 

There are, of course, many obstacles in the way of your 
doing BO practically. Woodland, in this country, is so valu- 
able that woods and coppices must necessarily be avoided. 

K you have a wood upon the right as well as on your 
left hand, run your base line between them, taking care, 
when you can do so, to keep always within "the limits of 
deviation.^ 

Farm buildings, villages, bends of rivers, &c., may also be in 
the way ; these must also be avoided if possible. 

2. Let your base lines be continued as long as the limits 
will allow. 

The obstacles above referred to, the curved direction of 
the line itself, &c., may sometimes unavoidably render short 
lines necessary. You cannot, in all cases, do as you would 
wish, circumstances must necessarily govern the lengths of 
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the lines, but the longer the base lines, and the fewer, the 
angles taken, the better. 

In selecting your lines, be careful to ascertain exactly 
your position upon the ground ; and, if you have the means 
of doing so, use any conspicuous local objects that the 
country may fiimish you with, to determine the direction of 
your course. 

Examine the Ordnance map, and see whether there are 
any chiurches, windmills, or other conspicuous objects near 
the direction of the proposed line of railway. Should there 
be any of these, even though they be not exactly in the 
rail line, make towards them, being careful, however, not 
to get beyond the limits of deviation. The spires of 
churches, windmills, telegraphic stations, &c., are objects 
deemed invaluable in a survey. 

A country slightly undulating is far better for base lines, 
than one perfectly level In the former you may generally 
select your angular station from one rising ground to another, 
commanding as you do, a long distance from each ; but, in the 
latter, you frequently have no point whatever before you for 
reference; the very field, from the height of the hedges, 
which generally prevail in flat, pasture land, in which you 
may be standing, perhaps, bounds your view. In this 
latter case you have nothing but the compass in your in- 
strument to guide you. You may, perhaps, be fortimate 
enough, sometimes, to have an intelligent chainman with 
you, who is well acquainted with the country, and may 
afford you some information as to the locality of the neigh- 
bouring villages, woods, churches, &c., but this is rarely 
the case. In hilly ground too, moreover, you are sometimes 
seriously at a loss to find any known signs by which you 
can determine precisely the locality. There may be nothing 
of note in the neighbourhood, nothing to refer to. 

In this state of things your needle is your only help. 
The bearing of the base line must be carefully determined 
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upon the map (all ordnance maps being north and south), 
and due allowance being made for the variation, a similar 
line to the same bearing must be run upon the ground. 
ITiis line, if straight, will be sufficiently correct if found, at 
the close, not to have exceeded the limits of deviation. 

Note. — A subsequent chapter will be devoted to deter- 
mining the variation of the compass above referred to, and 
to the method of running a base line in a given direction. 
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CHAP. VIII, 

MODE OF CARRYING ON THE RANGE OF THE LINE, WHEN 
THE DIRECTION HAS BEEN DECIDED ON. ' 

Place a flag at the starting point, and another as &r as 
possible onwards in the required direction. Produce this 
range thus : do not stand at the first flag in order to range 
another person in a line with the second flag beyond it, but 
go further on the line yourself and determine the position of 
third flag, by placii^ it so as to cover the first two. 
If this third flag be at some considerable distance from the 
other two, it will be requisite to use a telescope ; it is, perhaps, 
the quickest plan to take the theodol ite with you, and 
without opening the legs, hold it perpendicular and use its 
telescope ; a difference of a couple of inches in its position 
will cover, or render distinctly visible, the separation of the 
two flags. Proceed onwards to the fourth flag, and do the 
same, and continue to advance in this way, as far as it may be 
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necessary to cany the line. In case of anj slight eiror creeping 
in, as can scarcely perhaps be avoided in all practical problems ; 
suppose, for example, at the 7th flag, the Ist, 2nd, Srd, and 
6th flags are in line ; the 4th and 5th are slightly out : fix 
this 7th flag in line with the 1, 2, 3, and 6, taking no notice 
of the 4th and 5th. By carrying on the range in this way, be* 
twecn the 6th station and the 1st (if visible), whatever erron 
may have occurred in the 4th and 5th fliags ; they are cor- 
rected at once and confined to themselves. 

Generally, at any point of the line, by carrying on the 
range between a near and a distant flag, the line at its ter^ 
Biination will be found approximately correct, as, for instance, 
aay line, AB, which, connecting the two points, A and 
B, considered as the beginning and end of any base line what- 
ever, and running between the whole of the several points 
Actually taken, is not half a foot distant fix>m any one point, 
and, therefore, limits every error to that distance. 

In going over a hill, however, this method of ranging 
onwards with the telescope is impracticable: then the pro- 
perties of the theodolite are brought into operation. To obtain 
flag 3, for instance, the theodolite must be placed at No. 2, 
set to zero, and reversed to 180 degrees, a flag being placed 
in that direction. This method, however, is liable to error, 
and requires to be performed very carefiilly. When the onward 
flag is intended to be placed at some distance, it had better be 
done in two ways : in the one just mentioned, by reversing the 
instrument to 180 degrees, taking j^edal care that the bubble 
at right angles to the vertical arc, is perfectly level, otherwise 
in the case of flag 1 and flag 3 not being in the same hcri- 
zontal plane, that is, of the one being higher than the other, 
serious errors will result ; in the other way, which serves as a 
check upon the former, by setting the telescope to flag 1 and 
clamping it tight, having the clips of the telescope previously 
slackened, then by reversing the telescope itself in the Ys, if 
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the intersection of the web covers the onward flag by both 
ways, you may safely consider the work to be correct 

The ranging of the base line is perhaps one of the most 
important parts of railway surveying : it is quite as important 
as the chaining it If the base line be correctly done in both 
cases, the filling in afterwards is very simple. One of the 
difficulties in ranging a base line, is in the objection that farmers 
naturally have to the cutting of their hedges. To lighten this 
objection as much as possible, great care should be taken in get- 
ting a correct range at once, and not, as I have known many 
young hands do, cutting the hedge a second and a third time, 
from their not having got the right place, or not cutting it 
through in a proper direction. This is more especially the case 
when the line crosses the hedge obliquely : the chainmen or 
axemen are often too apt to cut every hedge through " square " 
without considering how the line crosses it The way to avoid 
this is very easy, suppose you have a flag (6) on one side of 
a field; fls^ 5 or 4 being visible : go to the other side of the 
field, but within it, and close to the hedge, place flag 7 carefully 
in range. In the next place, range yourself between flags 6 
and 7, about 10 yards firom flag 7 ; then send a person round 
the other side of the hedge with two flags, if necessary, tied 
together where the hedge is high, or the ground is much 
lower on that side, and range him in the right direction 
beyond No. 7. You may see the double flag over the hedge, 
and may place it inline. You have a flag now on each side 
the hedge, and the men can see exactly which way to cut, 
after having done which, the flag No. 7 is to be taken up, and 
fixed beyond the hedge, where the double flag stood, being 
carefiil, however, now that the hedge is clear, to correct any 
slight inaccuracy in ranging. Another evil with young hands 
and careless men is, that they are apt to cut too low. It is 
the unnecessary havoc that these youngsters have made, 
coupled with the prejudice that many ignorant &rmers still 
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entertain against Railways, that renders them so bitter against 
Surveyors in general 

Another &ult, that young men are too prone to commit) 
proceeds from their fondness for taking very long sights, in 
order, no doubt, to save themselves some additional trouble. 
Sometimes, for instance, a long distance in advice can be 
perceived, to a clear spot between the trees, where the range 
will come; but more time is frequently lost in unsuccessfully 
trying to find this spot, than would have been occupied in 
carrying on the range by short lines at a time. 

This is generally the case, when the course of the line runs 
across a valley, with a brook and trees at the bottom* 

The best, safest, and shortest plan is : to carry on the range 
down the hill, ^ross the brook, and up the opposite side, by 
short distances, and when the top is reached, to correct any 
inaccuracies of range, that the shortness and number of the 
observations may have occasioned ; the range, imperfect as it 
may be, will bring the surveyor pretty near to where the line 
should come. No time, certainly, would be lost in this way 
in seeking it When placed on one side of a hill, and looking 
to the opposite hill, the apparent Une of sight is oflen mar 
terially deceptive, causing objects to appear differently under 
a different point of view; so that it is not so easy, as a young 
surveyor might &ncy, to find any distant point, seen under 
such circumstances. 



Ranging, 

In ranging a base line for a railway survey, I have always 
found it the best plan, to have plenty of assistance; economize 
as much afterwards as you please, in the filling in, but ample 
material in the former is the truest economy. One or twq 
extra hands may enable the surveyor to do double the work, 
and thereby gain more, than he will pay for a dozen men. 
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It is seldom that any, but a first rate hand, is entrusted with 
the base line ; the value of Ms time bears no relation to that 
of the men. To do the work, therefore, quickly and eflFec- 
tually, the surveyor ought necessarily to require the assistance, 
first : of two men with slash hooks *, to cut through hedges ; 
two men, to help him with the instrument, and to carry flags; 
and two men, or boys, to keep behind and bring up the flags, 
that are done with. The last two should be furnished with 
bundles of pointed willow twigs, as many as they can carry, 
to put down in the place of the flags. These flags should be 
slit at the top, into which small pieces of paper should be fixed ; 
and one of the boys should occasionally be sent forward widi 
the flags taken up, in order to keep the ranging party always 
going. The two flagmen should take with them as many flags, 
as they can manage to carry ; some small ones, of 6 feet in 
length; a smaller number of others, 12 feet long; say : a dozen 
of the longer ones, and two dozen of the smaller, furnished 
with red and white flags, and shoed and pointed with iron. 

The surveyor should take plenty of white paper with him, 
cut into squares of about 3 or 4 inches, to fix in the hedges 
where the line comes. 

It is the duty of the axemen, besides cutting down the 

hedges, wherever they find a flag near the hedge, to cut a 

station on the ditch side, thus : ' ~ ^ and fit 

A 

the flag in the hole again. This saves the willow twig at 
every hedge. The surveyor puts a piece of paper in the hedge, 
and as the station mark shews him where the line passes, 
when the boy comes up for the flags, he takes that one away, 
without putting a willow twig in its place, as few hedges are 
so far apart, as to be invisible from the next, fewer willow 
twigs will thus be wanted ; and the quantity they take out 



* The slash hook is an instrument, made very much after the pattern in the 
•frontispiece. 
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with them^ generailj, by this means, lasts them the whole 
day, even though 3 or 4 miles of ground may be got over. 

Another important purpose is answered also in this way ; the 
papers in the hedge are not so easily noticed ; flags are offen- 
sive to the &rmer's eye, and occasion sometimes disagreeable 
interruptions to the prepress of the survey. It cannot be too 
strongly impressed on the mind of young surveyors^ that the 
quieter, in any work of this kind, the operations are conducted, 
the more courteous their demeanour to farmers and occupiers 
of the land^ they are invading, and the more a disposition to 
avoid doing unnecessary damage is evinced, the better, in 
every point of view, will it be to themselves. I must not 
omit to mention here (and it is a precaution often neglected) 
that the surveyor and flagmen should take plumb bobs with 
them, for the purpose of seeing that the flags, when fixed^ are 
perpendicular. Many a long line has been sadly out of range 
from neglect of this. 

When there are two or three base lines, forming angles 
between them, instead of commencing the second line at any 
fixed point upon the first, unless there be some special reason 
for doing so, consider the first line an indefinite one. By so 
doing, you may select the direction of the second, on any part 
of it, whether in the beginning, or middle; and various local 
obstructions may compel you to do so* You can then run it 
back, to ci*oss the first one, wherever it may fall. This should 
also be done with the third, or fourth, and with as many base 
lines, as the nature of the survey may require. Where you 
can do it conveniently, at each point of intersection, a 20 foot 
pole should be placed. 



Chaining the base line. 

It is necessary that the chain shuld be of the proper length, 
by comparing it before hand with the standard measurement. 



36 CHAININQ THE BASE LINE. 

and in using it, care should be taken that it is properly stretched, 
and perfectly straight every time. 

Let the base line also be measured twice, this must in no 
case be neglected. Should any errors recur in the side lines 
those especially that run parallel to the base line, the surveyor 
is enabled frequently to detect and remedy them. In measur*- 
ing each chains length, let the pin be placed outside the 
handle, it is seldom that the chain from its weight will not 
occasion a loss in length of the thickness of the handle. 

In chaining through hedges, be sure and pass the chain 
through in the right direction, and as low down as the thickness 
of the roots will permit, this can be easily done with the slash 
hook, or with the offset staff, if it be furnished, as it should be, 
with a hook at one end, and a dibber at the other, and it had 
better be made round and coloured black and white. Let 
every tally be invariably inserted in the field book, beginning 
again at every mile. 

In chaining over hilly ground, the best practical meliiod is, 
to keep the end of the chain close down to the ground on the 
the higher side, and to hold it up at the lower end, holding 
the point of the pin in the hand, with the ring downwards, 
and drop it 

If the ground is very steep, measure it by 25 or 50 links at 
a time, or even less if necessary. 

Let every thing be done carefully, and do not huny over 
the base line, nothing can be gained by it. Take all offsets, 
that are near to the base line, and as you go along, sketch 
where you cariy the position of xhe fields on each side of it You 
will find this useful in selecting your subsequent lines and in 
filling in. Above all things do not forget to mark all parish 
boundaries. 

A station must also be marked at every hedge close to the 
ditch, and inserted carefully in your field book. Be provided 
with slips of white paper to write the length of the line 
measured, wrap them up carefully and put thein into the 
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i^tadon holes, in one of the comers, covering them with a piece 
of turf. If the ground is at all soft, the station might be cut out 
at once, the paper put in, and the mound thrown in again, the 
hedge being cut, the gap made will enable the surveyor easily 
to find it afterwards. 

In crossing a road obliquely, the station should be within 
the road, but on one side of the beaten track. Where the 
hedges are sufficiently low, as not to require cutting, in order 
to preserve the direction of the base line across the road, 
which, when the hedges are high, is known by the gaps 
cut on either side, another station should be made on the 
other side of it As each road, generally requires a line 
to be run down it, its point of intersection with the base 
line can afterwards be determined in the filling in. 

Much useful infonnation may be obtained, invaluable to 
the reference men afterwards, by the surveyor inserting at the 
time, in his field book, as he goes out of one field into 
another, which is arable, or which is pasture land : it wotdd 
be very little trouble to him, and would materially add to 
the general good. 



CHAP. IX. 



TAKING ANGLES ON THE BASE LINE. 

In taking the angle between an old line and a new one, let 
the instrument be placed at the end of the old line ; take the 
angle made between the old and the newy and not between the 
new and ^t^ old ; that is, the instrument being set to zero at 
the oFd line) is turned firom left to right till it coincides with 
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th^new^wheB the angle is read off. If the angle reada less than 
)80''j the new line runs to the left of the old, that is, if the old 
Une were produced, it would pass to the right of the new ; if 
more than 180^, it runs to the right By this means, the very 
frequent mistake of not knowing which way the new line turns 
is prevented. As a check also upon the correct workup and 
reading off this angle, be careful to repeat it three times (see 
the part on the theodolite) ; taking the furthest flag that can 
be seen by it upon both lines ; thus, in the example of a 
portion of a line near Wigston Magna, the angle taken is 
227° 7', shewing that the new line, BC, turns to the right 



CHAP. X. 



HENTON AND FINCHLEY SURVEY. 



RAILWAY SURVEY IN THE PARISHES OF HENDON AND FINCHLEY. 

{The field notes will be found at the end of the hook.) 

The base line being ranged, and the bearing, from A to 
B, foimd to be three degrees east, the chaining was com- 
menced. 

If the student wishes to derive any benefit from this example ; 

he must plot it himself from the notes^ referring as he goes 

on to the accompanying explanations^ wMchy of course^ are con^ 

jftned to those things where difficulties may be experienced and 

which may retard his progress. 

At 0-70 and 1-60 a road crosses, and at 0-85 a station is 
taken, for the purpose of subsequently measuring along 
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the road, and determiuing the positkm of any objects to be 
noted upon it At 1*56 there is a cross hedge. At 1*83 
there was a station taken, bot it was not used; this is fre- 
quently the case; it does not occasicm much delay, and 
should no station happen to be near, when you have occa- 
sion to run a side line to the base line, some time is generally 
lost in finding the exact point of intersection with the base 
line. At 9*70 is a A> close by the next hedge; 17*27 and 
17*47 are the sides of an occupation road; at 18*10 and 
18*40 the line runs through a pond; at 18*68 there is a A* 
and an ofiset of 35 to the side hedge ; at 23*90 and 26*07 
are stations taken in the middle cf a large field, where the 
ground rises in the centre, so that you cannot see firom one 
hedge to the other. It was here especially requisite to retain 
the direction, and to have a station, in case of the closing 
side lines running to the base line, near to these points. 
At 29-30 and at 38-20 hedges cross ; at 38-20 being 1-10 firom 
the comer; at 39*72 it crosses another hedge into an old 
lane ; at 40*00 is a station taken, in case of finding it requi- 
site to triangulate along the old line, this was, however, 
dispensed with; at 40-35 you get out of the lane into a 
a piece of waste; at 41*86 you leave the waste and enter 
the lane again, which, at 43*00, joins the High Bamet 
Road, lying on the left of the survey. You are now cross- 
ing the road; at 44-00 there is an oflfeet of 40 to the right, 
and at 44-95, of 60 to a cross hedge on the left; at 45-00 
you get out of the road; at 50*00 is an oflset of 50 on the 
left to a bend of the brook, which forms the parish boundary 
between Hendon and Finchley. At 54-85 a hedge crosses, 
and being a very high and thick one, stations were taken 
(54-00 and 55*00) on either side, as it was not known along 
which side of the hedge the side lines would come; at 56*13 is 
another station, and hedge crossing; at 63-08, 65-73, 68-57, 
and 76*70, there are hedges crossing, having ofl^ets, at 63*20 
and 67-55 to the adjoining comers; at 76*43 is the last 
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station (B), which, for our present purpose^ we will suppose 
to be the end of our base line. 

It must be remembered that in all these stations, there are 
placed small pieces of paper with the measured distances 
marked upon each, and also that some white paper is stuck in 
every hedge, so as to shew at once the direction of the line, 
and the position on it, of every important point 

As for the selection of the line, it was taken from a point 
where through a gap in the hedge, the straight trunk of a par- 
ticular tree could be seen as a conspicuous object in the distance; 
the gap was on a hill, and so was the tree with a valley between 
them, and one or the other of these points was visible at almost 
every station; these served as excellent checks upon the 
ranging. 

It is in the judicious selection of these local objects that 
great saving of time is effected and greater correctness at^ 
tained. 



Filling in in Railway Surveys, 

Take the right side of the base line first It must not be 
forgotten, that in the selection and order of measuring ^e side 
lines in the field, the object is to get over the ground as 
quickly as possible, and to save the necessity of going over 
the ground twice ; that under favourable circumstances in the 
triangulation upon -the base, the sides of the triangles, upon 
which the other lines depend, and which should not be more 
than a mile apart, should alone be strictly independent lines, 
that is, not subsidiary to obtaining the position of an adjoining 
hedge. All the other lines should be strictly subordinate, de- 
pending upon the shape of the fields, and yet, at the same 
time, collectively and individually acting as checks upon each 
other, and upon the whole. There is no objection to even 
the sides of these triangles, also running along the side of a 
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hedge, to get the hedge ; but still the triangle must not be 
sacrificed to that, so that, should there happen to be a hedge 
miming near, in such a position, that the triangle will not, by 
chainiiiig alongside of it, become too obUque, let one of the 
sides run along the hedge. This is the case in the accom- 
panying example, which, if the reader will carefully attend me 
through a few practical details, I will proceed to explain. f 
The first line measured after the base line, started fi'om the 
commencement of the base : viz. at 23 links, and turned to the 
right This line, which was intended to be one of the sides 
of the triangle ABC, ran along by the side of a hedge of a 
lai^e field, and crossed the lane at 20 links, and 90 links ; the 
offset was not taken at 90, because the comer of the field had 
been (and more correctly) determined on the base line, (see 
1*56 on base line) where an offiset was taken of 3 to the right; 
at 2*50 and 3*00 chs., ofiSsets are taken to the pond, but none 
to the ditch, till the end of the field, where by the offset (D+0) 
read from right to left, being a left hand offset; the reader will 
perceive, the line measured came close to the ditch. The 
length of the line was 13*98. The next line ran from 13.98 
towards the base line. It must be remarked here, that the di- 
rection of this new line was not taken to any particular station 
upon the base line. It would have been too great a waste of 
time to have done so ; the direction was towards the base, but 
the angle of it was altogether arbitrary, dependent upon ex- 
perience : the object of it being to make the triangle as nearly 
equilateral as possible. The points, where this line intersected 
the base, were afterwards determined by measuring onwards 
to, or backwards from, the nearest known point; thus, this line 
which was 19*27 long, was found to be 82 links, back from 
17*87 on the base line. At 4*95 the hedge crosses; at 5*75 
there is an offset of 35 to a cross hedge, which runs straight 
to 9.78 on the last line. 27iis saved the measuring of a line 
along the hedge, and enabled a better station (d) to be selected, 
whence to run a line along the hedge in the next field, to the 
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base line; this station was 7*80. At 10*79 another station 
was selected, for the purpose of carrying the survey onwards ; 
the hedge which this line crossed at 11*40, being %Dithin the 
limits. 

Having reached the base line, the next line measured was 
from (9.70) on the base line, station (e), to 7*80 on the pre- 
oeeding line 19*27, taken for the purpose of getting the irre- 
gularities of the hedge. At 4*35, this line also crosses a hedge, 
which runs straight to a previous point*; this also saves a line. 
The length of this line is 8*11. 

Before proceeding with observations on the field practice, 
it might be useful, at once to explain the object of these lines, 
as regards the plotting or conveying of their position to paper, 
which is the sole object of the survey. Between the points 
23 and 9*70 on the base line you have the base of a triangle, 
whose odier two sides are 13*98 and 19*27 ; construct this tri- 
angle and lay off the ofibets. At present, there is no check 
upon it The next line (8.11)^ which you are obliged to 
measure for the sake of getting the hedge, becomes a check. 
The triangle being construeted, the lines become fixed, and 
the line {de) connecting the point 9*70 upon one of the sides> 
with the point 7*80 upon the other, becomes a fixed line. The 
length of this can be determined without measuring ; its mea- 
surement proves its correctness. 

These lines being determined, we may resume the field 
work. The next line (/A) runs fi*om 10*79 on 19*27, keeping 
along the hedges of three fields, being 23*17 long, and tied 
into the base line (A t) by the following line 17*25, which runs 
to 38*20 on the base line ; the line 23*17 crosses the first 
hedge at 4*10, obliquely, the comer of it being 40 links, per- 
pendicular from the end of 5*00 chs. At 5*07 it crosses the 
cross hedge, 100 links from the comer on the left It crosses- 
the next hedge at 14*72, the corner being 10 links on the 
left, and 25 links on the right It crosses the third hedge 
at 23*20 ; but the station is at 23*1 7, within 3 links of it On 
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the next line 17'25» the first hedge crossed is at 7*40 ; but the 
comer of it is 40 links, perpendicular from 7*24. At 11*60^ 
there is a cross hedge | — thus ; the rest of the line is r^ular. 

Upon the long line 23*20, stations are taken at 4.85 {g) and 
at 15*73 (K) for the purpose of measuring the lines gn and hmy 
which run along side of the hedges. Had the hedge near n 
been straight to the hedge near g^ the line gn would not have 
been measured ; this would have been the case abo with Am; 
had they both been straight, but one or the other would have 
been measured as a check. Having now reached the base line, 
the next line measured is firom m to h, 13*78 chs. ; that is fix)m 
45 onwards from 29*52 on the base, to 15*73 on 23*20 ; this 
is also a check line. At 5.48 this line crosses a hedge ; the 
same hedge, which the preceeding line 17*25 {kl) crossed at 
7*40w This hedge not being straight, must have a line along 
it, and a station is taken at 6*55 for that purpose. Before this, 
viz. at 5*65, there is a cross hedge | — to the right, 25 Unks 
off, which runs straight to ofi^t 35 at 18*68 on the base line. 
The next line 7*52 is for the purpose of getting the hedge ; at 
6*00 and 6*30 the ditch changes sides. 

The following line is from n to ^, taken to get the irregular 
hedge between them: it is 8*69 chains long. This line 
crosses an occupation road, which must be carefully noted. 
The various turnings in the hedge must be sketched in the 
jfield book. 

The next line (r a) turns to the right, and runs to the comer 
of the brook, or Parish Boundary between the Parishes of 
Hendon and Finchley ; the line is 9*67 chains long. The line 
next in order runs from 89 on from 55*00 on base line, to the 
end of the last line at {o) : this line was taken for the purpose 
of getting the brook with its several bends and windings : the 
trees by the side of the brook prevented the line being taken 
closer. 

The next line [ps) is from 9*67 on 9*67, turning to the lefit, 
and is 15*28 chains long, having a station on it of 13*40, whence 
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a line 13*70 is taken to the same point (p) on the base line as 
before. 

The ensuing line is from 11-12 on 15-28, turning to the left, 
at a very acute anglei running backwards along the side of two 
hedges and crossing the brook again back to an old line, viz. 
to 11-48 on 17-25. 

This line is a check line. The line 15-28 would have been 
produced, but it was found to cross the hedge several times. 
Another direction, therefore, a little to the left was taken, and 
the line 5-70 was measured, with a station on it at 5*57, whence 
the following line 12-02 was measured to 22 on from 63*08 on 
base line. 

There was then taken]from 2-06 on 12-02 a line 10-00, having 
upon it a station at 9-83, whence another line 16*46 was taken 
to 76-43 on the base line. The following line 19-82, running 
from 6-65 on this last line to 55-00 on the base line, for the 
purpose of getting the brook, but which served also as a check 
upon the previous work, completed the survey on the right 

Left side of base line, 

FILLINO IN CONTINUED. 

The firstline measured was from 0-70 on the base line, 10-46 ; 
to b; a loose line. 

The next line was from 10-43 upon this last, running along 
the High Road to Bamet, and ending at e, being 26-16 ; this is 
also a loose line. 

There are several stations taken upon this line ; at 9-57, at 
16-04, and at 24-00. The left side of the High Road, together 
with such hedges and cross roads, as adjoin it, or are connected 
with it, are taken in, and the position of such houses as are 
near the road, is shewn by dotted lines ; being beyond the limits 
of deviation, they are merely put in as "lands marks", to 
distinguish the locality. 

From 26-16 the end of the preceding line, is taken the 
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next line 5'50, also a loou Une ; aod from the e 
line is taken (5-22 loDg,) to 25 back from 2 
This ia another looie Hne. 

The next line measured is from the eot 
one to 26-16 on 26-16, the line lettered (fe) 
9-17 chains long. This is afterwards used ai 

The object of not having yet taken any t\ 
save goit^ over the ground twice or thrice, wht 



The next line (wc) is fix)m 85 on base U 
to 16-04 on 26-16. There are several oflbe 
line ; but they will be easily understood from l 
stations at 5*76 and 9-04; at 5-76, to obtai 
premises in the rear; at 9-04, torunaliae in 
mg house; being the line marked 12*10, ru 
Une is 13-88 chains long, andi$ ahoa looteUt 

The line following which is 9-21 chains loi 
end of this last (c ic) line, and rnns to a certa 
base line : it is lettered c v upon the plan, 
the ^hole of the preceding loose Unei. 

To plot this portion, it will be necessary to 
in which they vrere chained, thus ; upon tne 
construct the triangle vcw ; vc being eqoal t 
eu> to 13-88 ch^ns: then upon cw, construe 
ebw ; the sides c5 and &u>, being respective!' 

The line 1604 is then produced through d 
long: e ia then joined iot, et beoomcs a ch 
chains long ; and upon et is constructed thi 
sides ef,Ji, beins 5-50 and 5-22 chains long 
brings us to where we left offi 

The next line measured is from 17-87 o 
24-00 on 2616. As the point 2400 is a fix» 
the point 17.87, the measured length 7-24 
check. This i« the case with the next Uue, ^ 
end of 7-24 (rf> ^t*^ »<« «> l3-»«-«d » 1 
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This line gives you all the points, where the cross hedges ] 
and fences abut upon it, and completes the front of the farm. -^ 

The next line 442 is also a check line, running from one, to { 
another known point. And so also is the following line 10'40 
which gives the corners of the garden, orchard and rick yard, jq 
having a station at 5*31 upon it, whence a line is afterwards ' 
taken along side of the rick yard, and through the stable doors »q 
to a point upon the line 12*10 in front of the farm, viz. from to 
5*31 on 10*40 to 9*40 on 12'10; this line measures 4*22 chs.; jj 
from 3*21 upon this line, an arc is then struck of 1*03, and ^ 
from 3*64 on a previous line 10*40, at •the comer of the rick ^ 
yard, another arc of 2*67 is drawn, their point of intersection ^ 
gives the rear of the offices and division fence between the i 
orchard and rick yard; this triangle is on the left of the 
line 4*22. 

The two next hues, 1*90 and 1*34, form a triangle on the 
right of it ; this triangle gives the kitchen garden. The arc 
1*90 is struck from 3*21 on 4*22, and the arc 1*34, from 3-00 
on 9*21. 

Theoretically y this triangle, and the preceding one, might 
have been constructed on the other side of their imaginary 
bases ; but, practically ^ this could not be done, as, had the 
hedge, which these lines were intended to obtain, been on the 
other side, the lines must have been altogether differently 
arranged. 

The three following lines lie between the high road, and the 
lane in front of the farm house ; they run from a given point 
in each of the three sides 13*88, 10*46, and 16*04, to a certain 
point tvithin the triangle. The lines are 1"80, 5*42, and 4*68. 
This closes this portion of the survey. 

The next line is a continuation of 5*50, running along the 
road; it is 16-55 chs. long, and having the direction given, it 
becomes a double check upon the previous portion. The line 
measured next runs from 29*52, on the base line, to a station 
4*00 chs. upon the preceding Une, and is 4*48 chs. long ; this 
line also acts as a check. 
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The base line having now crossed the high road, it was 
foond requisite to commence the survey upon the other side 
of the road. 

The first field taken was a large field, and the first line 
I) along it was measured fi'om 1*40 on the line 16*55. 
I« The next line was 12*44, both loose lines, and fi*om the 

IS end of 12*44 it was intended to take a line across the field 
D to 4*00 on 16*55 : circumstances, however, prevented this; 
the owner met our party while occupied in measuring the 
i line firom 12*44 on 12*44 to 11*40 on 16*55, and forbade 
i them going on with it They had, however, measured as 
>D far as 2*45 in that direction, viz., I h; the line k r was 
le then measured 25*18, the stations upon it being 0*93, 629, 
le 13*00, and 24*92, The following line ran fi:om 24*92 on 
25*18 to 18 back firom 63*08 on base line, and measured 
» 9*62 chs. The next lines measured were the lines 8*88 and 
re 6*76, running from this long line 25*18 to the base line. 
)0 The tye line, 10*19, was then taken. 

y To plot this part of the work. 

le From 4*12 back from 16*65 on 16*55, describe an arc of 

le 6*76 radius, and from 45*00 on base line describe another arc 
!y of 10*19; their point of intersection will be a fixed point; 

from this point describe an arc whose radius is equal to 
le 24*92—93 = 23.99; and from 18 back from 63*08 describe 
it an arc 9*62; their point of intersection will limit their direc- 
D tions, produce the line 23*99 backwards 93 links, till it be- 
), comes 24*92 chs. long ; this will be the point (A); from this 

point produce the next line (k T) to /, making it 2*45 chs., 
e then, from /, describe the arc 12*44; and from 1*40 on 16*55 

t describe the arc 6*16; their intersecting point will give the 

other two sides. 

The only difference occasioned by the interruption and 

opposition of the farmer was, that the angle made by the 
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'^-^ fr'3i a to 4 and the main road was meaaored j 
*■ xik ui.e lM*19, instead of on the right, by the! 
■ tV m / to 1-40 oa 16-55. The direction of the • 

■LI * 

* - :.iN ire «o simple, haTing, in fact, nothing to . 

--•- m, » to thi'ir measurements in the field or their | 

• • . : ^' al Ki »i;ie, tliat it is not deemed necessary to . 

1 ; t:.< V Wvll be understood by any one who has ' 
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GREAT WIGSTON SURVEY. 



Kl'^mO ".lEVEY 



BETWEEN NEWTON HABCOU&T, ANI> GREAT 
WIGSTON. 



y-^j fjj'^^Jr exrmj ijies the case of two Base LineSy forming an 

ant^le btttceen than. 

(The notes are at the ettd of the book.) 

-^Vf fir4 base line, AB, is 114*38 chs. long; the second, 

\C is >K»T« T^^ ^^ portion of the line, AB, as far as 59 

cU. is* Dxyt sliewn in the plan (the latter part only being re- 

c^rx-d to show the mode of tying the angle in), though the 



iL-a: 



ux^ ATv all considered to be measured fix)m A. 



T:.irt? mill be no further occasion to speak of the o^ts, 
LiJi-* o( a peculiar character, as they are pretty much the 
nr^e in all cases.. In conadering this first base line, the 
pociilLuitT to be noticed is, that observations are made 
ihrxHurhout, whether the land through winch the Une passes 
is arable, meadow, or pasture land. It is very easy to do tlus 
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as } ou go on, and it becomes a good check upon the refer- 
ences afterwards, besides being of gre^t use perhaps to yourself 
in distinguishing between one field and another in plotting. 

Observe first, that at 107*00 chains, is the division boundary 
between the parishes of Newton Harcourt and Great Wigston : 
114*38 chains is the end of the line. 

AtB, the angle ABC is taken; that is, the angle measured 
between the line B A, round (from left to right) to BC ; viz., 
227° 7'; shewing therefore that the new line BC turns to the 
right. This angle was taken three times ; the result only has 
been left in. 

This new Base BC, 81*07 ch& long, has nothing upon it 
worth noting, except that every "tally" is inserted in the 
notes, and that at every tally, there should be a station put 
down in the field. 

There is a water course at 63*90 and 63*95, and a pond at 
70*80; 79*60 and 81*07 are the two sides of the road, firom 
Great Wigston to Newton Harcourt Be careful in dis- 
tinguishing in the book between high roads, turnpike roads, 
and occupation roads, as they materially affect the section ; 
and an incorrect designation becomes a serious allegation {at 
least, may be made so, if the committee are so disposed), of non- 
compliance ^vith Standing Orders. 

Filling in on the right side of the Base BC. 

The first line measured was a loose line, through B, ' viz., 
fix)m B southwards, and firom B northwards in the contrary 
direction: viz., 16*43 chs. to the south; and 20*30 chs. to 
to the north. This latter line, crosses out of the parish of 
Great Wigston, into that of Newton Harcourt, viz. firom 18*40 
to 19*80 chains. 

This loose line is now tyed in, by the next line 15*44, which 
runs firom 13*70 on the last line to 9*70, &c., on the Base 
Line BC. 

The next line runs fi-om 17*00 on the line 20.30 to 25*57 on 

£ 
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the Base Line. These lines form a triangle, viz. 25 '67 is the base, 
17*00 one side, and 23 '84 the other; having as a check the 
line 13-03 that runs from 13*70 on the side 17*00 to 9*70 on 
the Base Line. The following line runs from 20*00 on the base 
line to 14*10 on the line 23*84 and is therefore a fixed line. 
This line is produced to 14*10. 

Having •plotted the above^ be careful to mark before you pro^ 
eeedy (and do so always throughout the worky) whenever you have 
any lines fixed, the direction in which those lines were measured. 
Thus: ^ 

In the next line, from 3*07 on 28*84 draw a line to the last 
point, 14*10, and produce it to 14*00; this line is also a fixed 
line. From this point a line 14*20 chs. long is measured to 
25*25 on BC. This also is a fixed line. 

With respect to the last three lines, however, the best plan 
in the plotting^ is to reverse it, and generally, let yom* smaller 
lines check the larger, and not your larger the smaller. Con- 
struct the triangles with the longest lines, and let the small lines 
prove themy thus: from 3*07 on 23*84, describe an arc of 
14*00; and from 25*25, on BC, another arc of 14*20, join 
their point of intersection ; the distance 6*24 subtracted from 
the whole length, 14*00, which is equal to 7*76, will give the 
check for this triangle. These triangles are on the right side 
of BC. Now, if these smaller lines are found to measure 
correctly, the larger lines must necessarily be correct As it 
is, however, exceedingly important that no error should occur 
at an angle, or change of direction of the base line, a check 
line is also taken from the other end of the double line, that 
ran through the point B, on the left of the base line, so as to 
verify the supplemental angle. This check line tyes it into 
the base line, at 15*33. It is called a check line, as it is 
measured solely for that purpose, and has no other use, as the 
other lines have. 

The next line runs from 0*32, on BC, through 11*50 on the 
last line, to 17*70, having a station at 13*57 ; to this point there 
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is, then, drawn a line from 16*43 on 16*43 ; this line being 
10*90 chs. long. In plotting it,*^however, construct the triangle 
with the two sides, 13*67 and 10*90, first, and let the 11*50 
and the 8*70 become the proofe of its correctness. 

The line 14*00 (page 3) that runs from 3.07 on 23*84 is 
then produced, till it intersects the road from Wigston to 
Newton Harcourt indefinitely ; the stations being taken near 
hedges as usual A line is then run from 80*00 chs. on BC, 
turning to the nght, along the road, tiilit intersects (which it 
does at 28*60 chs.) the previous line ; and the point, where it 
cuts this line is 32*60. From the two points, therefore, 14*00 
on 14*00 and 80*00 on BC, describe two arcs, 32*60 and 
28*60 ; join their point of intersection, and you obtain the 
direction of them both. All the subsequent lines, that fill in 
the work, being measured from points upon the Base Line, to 
points upon one or the other of these two lines, serve as 
check lines; thus, the next line (from 58*94 on BC)is a check 
line. 

The second line, however, from 28*60 on 32*00, that is, 
from the point of intersection to the base line at 50*90, is the 
best check. It seldom happens, practically, that a line can be 
taken so conveniently as this has been, from the point of 
intersection, to get in so many hedges ; and it does not follow 
necessarily, that the line must run from the point of inter- 
section; it might run from any point upon either of the 
lines ; but, the nearer to the point of intersection the better. 
These are hints that might very profitably be borne in mind, 
by some very excellent workmen ; men, who from practice, 
make very fair surveys, and produce very good plans ; but, 
who seldom call their reasoning faculties into exercise ; who, 
in consequence of this, soon sink behind the better educated, but 
less experienced, part of the profession, when these, on their 
part, avoid nmning into the other extreme, of considering 
all "rules of thumb," as they term them, beneath their 
notice. 
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The other lines^ on the right side of the base line^ are 
only small lines, and unimportant; certainly, requiring no 
explanation for any one, who has carefully plotted thus far. 

We will now proceed, therefore, to the left side of the base 
line. 

Left side of the base line BC. 

Having, in going over the previous portion, now arrived at 
the end of the base line BC, the lines are taken backward. 

The first line 32 'lO is a loose line, tied in by the next line 
24*35, and checked by the following line 27'88, which inter- 
sects the base line at 16 '20. 

The two next lines 16*10 and 19*35 form a triangle, running 
from 20*00 on the base line BC, and from 5*00 on one of the 
last lines, 24*35. Upon this there is another triangle based, the 
two Unes 17*40 and 7*40 being the sides of it This is checked 
by the line 6*85; the preceding triangle has also two checks; 
viz. 10*22 and 9*52 (on 10*60> 

The next line 22*70 serves to connect the triangles already 
made (in the beginning) at B, and those, that have been just 
completed. It runs from 17*60 on 17*70 (page 4) which is a 
line measured from the point B towards the left of the base line 
to 11*30 on the line 16*10 (page 7> 

Thi3 also is a good check line, in fact it is not possible for 
any error to creep in, if all these lines agree. 

There are two small lines 10*50 and 9*50, taken next in 
order, to get the othes two sides of the field. 

This completes the Base line BC. 

BASE line AB. 

The subsequent notes refer only to the line AB, and its 
subsidiary lines. 

The first line 22*90, defining the position of several 
hedges, acts as a fiirther check upon the angle ABC. It runs 
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jfrom the end of 20*30, the second line measured (see page 3) 
to 94 "00 on the base line AB. The line after 17*03, also 
answers the same purpose, besides marking out the parish 
boundary between Great Wigston and Newton Harcourt. 

The line 12-00, which follows, is another proof of the cor- 
rectness of the work, at the same time that it gives the comers 
of an irregular hedge ; this line runs from the last line to the 
angle at B. 

The two lines 18-65 (on 19-50) and 13*20 are triangulated 
upon the first side line measured, 16*43 (page 2). 

The next line is a check line; a very long line, taking the 
direction of several hedges, and crosses several previous lines, 
running from 5*00 on an ensuing line (10-90 page 4) to 21*10 
on a recent one 22*90 (page 9). , 

This closes the preceding triangles. 

A long loose line is now taken keeping the direction of the 
road, and making for the bridge over the canal, which is a 
conspicuous object. This line is subsequently tied in. The 
point where it crosses the base line is only ascertained in the 
course of chaining it; the point of crossing being immateriaL 
The line is 35*00 chains long, and it crosses the base line AB 
at 20*20 of its own length, and 79*30 of the base. 

The two lines following fix and check it, the first, starting 
from 4*00, ties it in on one side of the base line, by limiting its 
distance 12*80 (on 14*00) from the fixed point 16*80 on 22*90, 
and the next line 33*45 checks it, by its measured distance 
being taken from a fixed pomt 18*65 on 19*50 (page 10) to a 
given point in this loose line 25*80, which is on the left side of 

the BASE LINE AB. 

The next two lines 11*00 and 18*90 are subordinate lines. 
The line following, however, 13*90, joining 33*70 on 35*00 with 
64*00 on AB is an important one ; as, besides forming another 
tye line to the loose line 35*00, it gives a direct and well 
positioned triangle to obtain the direction of it in plotting. 
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To plot this therefore ; from 64*00 on AB, describe an arc 
13'90 and from 79*30 on AB, another arc equal to the difference 
between 33*70 and 20*20^ or 13*50 : complete the triangle and 
produce the side 13*50^ 20*20, chs. to the left of the Base Line. 
Draw the two preceding lines 12*80 and 33*45, and see if their 

plotted distances agree with the measured ones. The few 
other lines are so simple and so regular in their arrangement, 
that they need not be referred to. They have all sufficient 
checks to enable the surveyor to see and to feel, that his work 
is correct. 

If the reader cannot do this, he certainly cannot have under- 
stood what is gone before, and in that case, he had better go 
through the preceding part again. 



CHAP. XII. 

PARISH SURVEYING. 

The instructions to be obtained from the tithe office at 
Somerset House are so full and distinct, that very little need 
be added to them. A few general remarks at all events will 
be sufficient. 

If the parish is compact^ enclose it by one or two triangles, 
the sides of which should run as near as possible to the parish 
boundaries. 

If it is a straggling parish, divide it into the fewest portions 
possible, and serve each of those portions as a separate parish, 
triangulating upon a common base line passing through the 
whole. 
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This line may have to pass out of the parish, but that is of 
no consequence. In fact all the sides of the triangles might be 
outside the parish, the base running through it, if by this 
arrangement they would fall nearer to the boundaries. The 
smaller and the fewer the triangles that have to be deducted 
or added to the large triangle the better. 

An old plan is very useful in every survey, as though per- 
haps incorrect in its details and imperfect as a whole, it still 
gives the surveyor a birds' eye view of the locality and enables 
him to determine how to arrange his lines. An intelligent 
chain-man possessed of local information, will also in this case 
be an useful assistant to the surveyor. 

As to the selection of these triangles the base line should be 
as near as possible in the centre of the parish; and as long as 
the shape of it will admit; and the other large lines should 
intersect it at angles of about 60 degrees. 

When any portion of the parish is very narrow, two good 
triangles one at each end, .with connecting lines at the vertices 
would be far better than one oblique triangle. Should there 
be any village or object of importance within the parish, it 
would always be better, to run some one of these large lines 
through that part, even at some (if not too great) sacrifice of 
the rules above. 

It must be distinctly understood, that these large lines of 
the triangle are strictly independent lines; and not to be made 
subordinate to the filling in, at any sacrifice, however slight, 
of the goodness of their relative position. 

As to the running of these lines, treat them as the base lines 
in a railway or any other survey. Make towards any con- 
spicuous object, such as a church spire, tower, windmill, &c., 
and if, in selecting this onward mark, some backward object 
could be got in range, so as to line from^ so much the better. 

Suppose, for example, the triangle to be ABC; AB, the 
base line. Range AB in the way above mentioned, taking 
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care to plant every flag perpendicularly. In this there is not 
the same difficulty as in railway surveying, of being in an 
enemy's coimtry , and having to sacrifice every thing to get 
through. You are not also now fighting against time> but have 
ample leisure to do the thing correctly. 

First of all, examine your chain well, and before beginning 
lay down a correct chain's length, against some straight per- 
manent fence; and in the course of your work, try your chain 
fi'equently. In chaining, begin some chains length before your 
station A, in case you should afterwards wish to change it 

Cut stations against every ditch, and, as in railway surveying, 
put paper with the length of the station upon it, into each hole: 
and where the fields are wide, make a station in the middle of 
the field. You are not compelled to use it, if you do not 
want it. Be sure, also to make stations at every 10 chains 
throuffhouty and enter them in your book. 

With respect to the mode of keeping the field book, suf- 
ficient has been said in the earlier part of this work; 
to those who are working for the tithe commissioners, there 
is, as regards the keeping it in pencil or ink, no choice upon 
the subject: they have determined upon the latter; with a very 
correct conception of the class of men, they sometimes have to 
deal with. 

Whether it is any security against roguery is a matter of 
opinion. The man, who, finding he has made a mistake, would 
alter his notes to suit (a thing, which, using the pencil, he 
might easily do), would not, in my opinion, scruple to copy 
the whole book again, if he were compelled to put it in ink ; 
and send the copy and not the original to the office. 

As to the glazed paper and metallic pencils, I cannot say I 
like them, though in very wet weather, they are useful, in fact 
indispensable ; when writing in ink would be impracticable. 
Books made of asses' skin, are sometimes used in November 
sTurveys, but a good hard pencil, and the common blue ruled 
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book^ are, in my view, the best A clear head and a quick 
hand, with a determination to do right on the part of the 
surveyor ; and the many means that science has placed at 
their disposal, . in checking and testing the field work, on the 
part of the commissioners, are the greatest securities they 
can have. 

For example, let the commissioners insist upon all the 
angles of the large triangles being taken, as well as a check 
line. The sides and angles would be mutual checks. Were 
this done, no surveyor would venture, if he found one of 
the lines 50 links too long in the plotting, to alter it in his 
book, for this length might on computation turn out to be 
correct, taking for data the other sides and the angles re- 
turned by him, and hit own plotting y in some other part 
to have been wrong. 

With the larger lines correct, which this plan would secure, 
there could be no possibility of error, in any other part, that 
would not be easy of detection. Most of the lines in the ^'filling 
in" would be check lines, which could be calculated if neces- 
sary, so that no "fudging " would be safe. 

With respect to the usual check upon the triangle, viz., that 
of measuring a line firom the vertex nearly perpendicular to 
the base, a few words here perhaps, might not be out of place ; 
especially as the goodness of this check has been called in 
question by persons whose opinion must have some weight. 

They say (supposing DC 

to be the check line), that a 

mistake might have been 

made in the measurement 

from A towards B, and that 

A » /> & B the length of AD, instead 

of that given by the chaining should be either Aa, or Ab ; and 

that though D is in consequence in its wrong place, there 
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would^ from its position as to C, be no difference, as to its 
distance from C, whether taken at o, or D, or J ; and that 
therefore^ the distance CD, as a cheek UnCi is good for nothing. 
For myself, I differ from them in toto. I admit the premises, 
but deny the inferences : the very fact, that, (whether the point 
upon the base, to which a line is drawn from the vertex, is at 
a, of D, or J,) that line is of the same length, is its very value; 
it is that very thing that makes it one of the best of checks. 
The object of the check has evidently been totally lost sight 
of; it has not been to determine the position of any point D, 
upon the base, whether it is in its right place or not, and this 
by the assistance of another point C, which, by means of two 
lines AC and BC, is fixed at a determined distance from AB ; 
for which piurpose, this new point C, as maintained, would be 
perfectly useless; buty to determine the position of C, by 
means of the new point D, for which, the feet of its not ma- 
terially affecting the length of CD (by which length the 
position of CD is determined) whether it be measured fix)m 
</, or D, or ft, renders it particularly fitting. The point to 
be ascertained is whether AC, or CB, have been correctly 
measured. Now, one, or both may be wrong ; suppose they 
have been entered a chain too short on plotting them, the 
check CD on the plan will be found to be shorter than what 
it is entered in the field notes. On the other hand, let them 
be entered more than they really measure, the plotted 
check will be found more than the real one; and this the 
more certainly, because, though some slight error may have 
crept in in measuring the length from A towards B, the distance 
of the check, DC, will not be materially affected by it. 

To resume thejield work : having got to the end of the base 
line, AB, the next thing to be considered is, whether the nature 
of the country is such, as to make it necessary for the line BC 
to run directly to C, or whether any point near C can be 
taken ; in the latter case, a line may be at once run from B, 
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in a direction^ as near as possible, towards C ; in the former a 
trial line had better be ranged out towards C, so as to obtain 
the general direction of the line between B and C, and then 
a line be run from C, back again towards B ; the intersection 
of this line with AB, or with AB produced, can be easily de- 
termined. [This will be a great saving of time.] If the 
angle ABC be taken, and the sides AB, BC, be mea^ured^ 
fhe angles at C and A can be calculated, and the direction 
of the line at either place, can be laid ofl* by the theodo- 
lite. 

As for the line CA, whether it is to be started from A 
towards C, or vice versa, must depend upon which of the 
two can be more easily changed. In addition to these lines, 
which should be very carefully measured, the three interior 
angles, if possible, should be always taken, or, at least, as 
many as can be, and the sides computed. 

The length of the check line, besides its measurement, in 
the field, might be computed also. This would serve as a 
check upon the check line itself; for, if, taking any two sides 
and an angle, or any two angles and a side, the others were 
found correct, then these assumed as data, would infallibly 
determine the correctness of this check. There is no greater 
reason why the check line should be correct, than any one 
of the sides ; it is the agreement of all that presumes the 
correctness of each. 

The simplest test, by computation of the correct length of 
this check line, is to be found in Euclid's first and second books, 
prop. 47, 12, and 13, where it will be seen, that, in every 
triangle, the square of the sides, subtending any angle, is greater 
than, equal to, or less than, the square of the sides containing 
the angle, according as the angle is obtuse, or right-angled, or 
acute ; and the excess or deficiency is equal to twice the rect- 
angle of one of the sides containing the angle, and that portion 
of it intercepted between the angle and a perpendicular, drawn 
to it from the opposite angle ; i. e, — 



60 



PARISH SUYVEYnCG. 



In the obtuse-hngled triangle 
ABC. 
AC2=AB«+BC«+2 CBBD. 



In the right-angled triangle ; 
AC2=AB«+BC^ 






In the acute-angled triangle ; 
AC2=AB2 4-BC2— 2CBBD. 

Also^ in any triangle, the sum 
of the squares of any two adjacent 
sides, is equal to twice the square 
of half the other side, together 
with twice the square of the line 
drawn from the vertex to the 
point of bisection, i. e., AB« + AC^ = 2 (BD« + DA«). 

The length of any line {aC), therefore, (the angle ABC 
being known) drawn from the vertex of a triangle to any 
point upon the base, equals the root of the sum of the squares 
of either side, and the segment adjacent, mintis twice the rect- 
angle of that segment a B and the distance (B D) measured 
on that segment, from the angle at the base to a perpendicular 
from the vertex, i. e. = a B^ + CB^ — 2 a B. BD, where 
BD = CB COS. ABC. {See Diagram at page 57.) 

After the large triangles have been properly tested, then let 
the surveyor, before proceeding to the filling in, throw out 
such small triangles, as may be necessary to enclose the bound- 
aries outside the main lines, and be sure never to omit the 
checks to each. 
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When these are done, then the filling m can be commenced ; 
here, as almost every line will be a check line of itself few 
independent lines will be required, as those, that are run to take 
up the hedges, will generally answer that purpose too. 

Little more need, therefore, be said upon the subject, except, 
that the young surveyor should be careful never to get into 
arrears with the plotting. I know no other bad habit of the 
profession, so bad, or so troublesome as this. It is, without 
exception, the worst habit, a young man can fall into. 

Let the sides of the large triangles belaid down and proved 
always before you base any thing upon them. I admit, there 
is some difficulty in doing this correctly ; but that is only a 
stronger reason why it should be done at once, and not be de- 
layed, lest, by so doing, it should be hurried at the last 
It would be better to keep away from the field a day or two, 
if necessary. 

The best plan, to lay these lines down, is, to draw the base 
Une in carefully first \ then, with a very long straight edge, 
having one part of it made projecting for that purpose, de- 
scribe the required arcs. 

^^ The annexed is 

I 6 \ the shape of the 

straight edge ; the centre is at o, which is on the line of the 
face. A needle, or pin, can be driven through it into the 
paper, so that it can be turned round that point as a centre. 
The proper distances can be laid oflf upon the bevelled edge, 
and the required arcs can be struck. Sometimes common 
Beam Compasses are used, but I do not consider them so accu- 
rate as this ; lying flat to the paper, as it does, and moving 
round so small a centre, with the distances capable of being 
exactly marked, and perfectly rigid (for it might be made, if 
necessary, of steel) it must necessarily be correct. The straight 
edge is also useful to draw the lines, when their directions 
are ascertained. 

Sometimes pins are stuck in to each end of the line, and a 
piece of silk, or thread, fixed between them ; this, when the 
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paper is quite flat^ is taken up carefully between the fingers^ 
and being previously blackened with burnt cork, snapped 
upon the paper. To ensure correctness in this way, the paper 
must be quite flat, and the thread taken up perpendicularly^ 
without which the line is valueless. 
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CHAP. I. 



THE THEODOLITE. 

Method of taking a h&rizcntdl angle. 

Adjust, first, the parallel screws (P, P, see diagram), so as to 
have, as nearly equal lengths of the worm, as possible, above 
the upper plate. 

Extend the three legs, approaching or extending each, until 
the bubbles in the two levels (B, B) are nearly central, and 
the plummet, suspended from a hook under the body of the 
instrument, hangs freely above the centre of the station. The 
better plan is to m6ve only one leg, which is, of itself, capable 
of a double motion. 

Press the legs firmly in the ground, unclamp the whole 
instrument by means of the large clamp-screw (C), observing 
to keep the other motions clamped. 

It must be remembered, that the two levels, on the 
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horizontal plate^ are conjugate^ t. e,y at right angles ; and, that 
the opposite screws, also, are conjugate, each pair of them. 

Set one level in a plane, vertically parallel to a plane, 
passing through any one of the screws ; and the other level 
and the other pair of screws, will be also in parallel vertical 
planes, conjugate to the former. 

If both the bubbles of the levels, thus placed, are not in 
the centre, take the bubble that is not level, and, loosening 
one of the corresponding conjugate screws, tighten the othen 
until the bubble is accurately adjusted. Then loosen and 
tighten the other pair in the same way, till the same result 
be obtained. This will probably throw the first out ; repeat 
the process to each, until both bubbles are level. 

Having these plates (K, K) level, clamp the whole instru- 
ment, and, unclamping the parallel circles, set the broad 
arrow of the vernier, which is in the upper plate, to 360°, 
or zero of the larger circle, and clamp it This must be 
done by the magnifying or reading glass (m), attached to the 
horizontal circle. It is a great pity that this magnifying 
glass is not attached to the upper, instead of the lower circle, 
there should be one fixed to each of the horizontal verniers. 
The want of this is the only defect in Simms' otherwise per- 
fect little instrument, the 6-inch theodolite, as shewn in the 
plate. 

This large circle is divided into 360 degrees, and then again, 
subdivided into half degrees, which are numbered from left 
to right, and, by means of the vernier, read off to minutes. 

Again, unclamp the large clamp-screw, and turn the whole 
instrument towards the left of the stations, between which 
you are desirous of taking the angle, until you can cut the 
object as accurately with the intersection of the cross wires o 
the telescope, as can be done by the hand. Clamp the screw 
(C), and slowly turning the milled-head tangent screw (T), 
you can obtain all possible degree of accuracy. 

Now, as the zero points of both the upper and lower circles 
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are together in the present position of the telescope^ and as 
the lower circle is graduated firom left to right, by separating 
tlie upper circle, and turning it round, till the centre of the 
cross wires of the telescope, which is attached to it, cuts exactly 
the centre of the object at the second station, you obtain the 
angle between the two, determined by the position of the ver- 
nier, and the length of the arc of the circle it has described. 
This can at once be read oflF from the plate by the broad arrow 
of the vernier, which will stand exactly above the number of 
degrees and minutes of the angle, measured between the two 
given objects. 

When the cross wires, therefore, nearly cover the object, 
clamp the plates, and use the tangent-screw (t); and, with the 
magnifying glass (m), read off the angle, the degrees, on the 
limb ; and the minutes, by means of the vernier. (For a de- 
scription of the vernier, see page 71.) 

The angle, thus read off, should always, if great accuracy be 
required, be read off by each of the two verniers. The com- 
mon 5-inch theodolite is furnished with two, and the larger 
instruments have three, equidistant from each other, so that 
the mean of the readings, taken at different points on the cir- 
cumference, should correct the errors of eccentricity or gra- 
duation. In extensive surveys, when the instruments with 
three verniers are used, other securities are adopted against 
these errors. 

Instead of fixing the broad arrow of the vernier at the zero 
point of the horizontal limb, at starting, the telescope is di- 
rected to the first station, with the broad arrow indifferently 
placed upon the lower plate, and its position carefully read 
off by the several verniers, and the mean taken. The diffe- 
rence between this mean, and that of the reading of the 
second station, is the measure of the^required angle. 

In incorrect graduation, this is perhaps the best check that 
can be used. 

As an additional check, these angles are often repeated ; 

F 
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that is — the angle is not taken again, by separating the upper 
plate and bringing the vernier back to zero, and then taking it 
a second time — ^but, without detaching the two plates after 
the last observation, turning the whole instrament bodily round 
to the first station, and, then unclamping the vernier plate, 
and turning it round to the second station. 

The difference between this and the first reading, before 
starting, will be double the mean angle. Keep the two plates 
still together, and turn the whole round, repeating the process 
as before. 

Where the instrument shall have made one or two complete 
revolutions, 360 degrees or 720 degrees must be added to the 
observed angle, in order to obtain the true. 

The difierence between this third reading, and the reading 
at starting, will be three times the angle required. 

It is requisite that the verniers should be separately marked, 
as A, B, C. 

To take a vertical angU^ or an angle of elevation or depression. 

First set the whole instrument level, as was explained be- 
fore, by means of the bubbles on the vernier plate. Then 
bring the bubble of the telescope level (J) to the centre of the 
tube, observing whether, at the same time, the zero point of 
the circular arc coincides with the zero of the vernier. This 
must be carefully examined by the microscope. 

The instrument being thus perfectly level, when the zero 
point of the circle and the broad arrow are together, raise or 
depress the telescope, till you distinctly cut the required ob- 
ject with the horizontal wire, or the common intersection of 
the three wires. The changed relative position of the broad 
arrow, will give the required angle, which will be an angle of 
depression, if the broad arrow be found between the zero of 
the vertical arc and the object-glass of the telescope, and of 
elevation, if beyond them. 



VABIOU8 ABJUBTMBNTS. $7 

It will be requisite, for pardcalar accuracy, to invert the 
telescope in its Ys, and read off the same angle from the other 
end ; half the difference of these two will be the angle of error, 
of the vernier. 

THB TBLB8COPE. 

The accuracy of this instrument, in its application to the 
purpose of taking angles, depends altogether upon the correct- 
ness of the line of collimation. The optical axis of the tele-^ 
scope, which is an imaginary line, joining the centre of the 
object-^ lass and eyeglass, should pass through the point of 
intersection of the cross wires or webs. 

These webs are attached, as in the diagram annexed, to a 
broad flange of an inner tube, within the tube of the telescope, 
near the eye-piece, with which it is connected by two pairs of 
conjugate capstan-headed screws (a, a, a), see plate of the 
theodolite, so as to admit of a double relative motion: thusi, 
a, a; b,b; are the conjugate screws, which, passing through 
the telescope, screw into an inner tube : this inner tube has a 
broad flange, with small slits in it, into which are gummed, or 
glued the cross webs. 

1. To ascertain^ whether the line of colUmation is in adjusimer^. 

Place the telescope within the Y^, and, having found some 
point clearly defined, which is cut by the intersections of the 
cross wires, turn the telescope round on its axis, and observe, 
whether, during its whole revolution, the centre of the wires 
remains the same, always covering the same point If it does, 
it is in adjustment ; if not, turn the telescope round on its a^^ 
and correct for half the error, by means of the small captan- 
headed screws (a a a), above referred to, loosening one and 
tightening the other. 
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2. Whether the axis of the level is parallel to the axis of the 

telescope. 

Place the telescope on the Y«, and unclamping the large 
clamp-screw, set the telescope over one pair of conjugate 
screws, and loosen and tighten them till the level, attached to 
the telescope, is made perfectly level by the vertical tangent- 
screw. 

Then reverse the telescope in the Y«, if the level remains 
the same, this also is in adjustment; if not, correct for one 
half the error by the capstan-headed adjusting-screws, at the 
end of the level (S) ; and the other half by the vertical 
tangent-screw. 

There is also a side adjustment required. 

The level may not always be immediately under the 
telescope, but a little to the right or to the left; this must 
not affect the position of the bubbles, or a lateral adjust- 
ment, similar to the vertical one, is indispensable, by means 
of the capstan-beaded screw, at the other end of the level (S). 



HOBIZOMTAL. 

I . To make the axis of the bubble on the vernier plate, parallel to that 
plate. 

Let one bubble be over one pair of the circular plate 
screw, then the other bubble will be over the conjugate 
pair; make both bubbles level, turn them half round the 
circumference, and if the bubbles deviate from the centre, 
correct one half the error, by the small milled-headed screws 
above the levels: and the other half error, by the circular 
plate screws ; repeat this, till the bubbles are level, in every 
position, throughout a whole revolution of the circumference. 
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HORIZONTAL. 



2. Whether after having duly corrected for the third adjustment, or 
made the " axis of the bubbles, on the vernier plate, parallel to that 
plate,^* the bubbles will remain perfectly level, during a whole re- 
volution of the instrument upon the common axis. 

Clamp the two circular plates, and unclamp the large 
clamp-screw ; set the bubbles perfectly level, as before ; when, 
immediately over each pair of conjugate-screws; reverse them, 
if they continue level, they are in adjustment; if not, the 
two circular plates are moving upon different axes, and are 
not parallel to each other. This imperfection can only be 
well remedied by an instrument maker. 



VERTICAL. 

1. Whether the vertical are moves in a truly vertical plane. 

Set the vernier plate, or upper horizontal circle, perfectly 
leveL 

Direct the telescope to some well-defined angle of a build- 
ing ; or, should there be no building convenient, suspend a 
string, with a plummet attached, from the top of a high pole, 
this perhaps is the better plan, and taking care that the inter- 
section of the wires exactly cuts the string, near the plummet, 
raise the vertical arc, observing whether the cross wires, 
throughout the whole of the vertical motion of the telescope, 
cover the vertical string; if they do, this also is in adjustment 

As it is seldom found that two objects, whose horizontal 
angle is required, are exactly in the same horizontal plane, 
this adjustment becomes a very important one, and requires 
great care. Considerable error has resulted from neglect of it. 



70 LAND 8URVEYIKO. 



VESRTICAL. 

2, Whether the verticid vernier is m ndjtutment^ arperfeetly central. 

Ditect the telescope to some point of elevation^ and note 
the angle. Revetse the telescope in its Ys, and raising the 
telescope to the same object, read off the same angle; if these 
angles are the same, the vernier is in adjustment; if not^ 
ooxtect the vernier for the error, by means of the small 
8crew8> fiistening the vernier to the upper plate, which 
ctm be loosened, and half the difference of these two angl» 
will be the angle of error; or, which is better, add this angle 
<^ error to every angle of elevation, when you use the end 
that reads off the smaller angle, and subtract the same, from 
that of depression, under the same circumstances. 

When you read with the larffer angle, subtract this angle 
of error from the angle of elevation, and add it for the 
angle of depression. 



PARALLAX. 



Id aYi ^^Tftft occadion^d by lh6 Croiss wires of the telescope 
InOt being &'t onc6, in the common focus of the object-glass, 
and eye-glass. 

The existence of parallax is ascertained by moving the eye 
&bout, when looking through the telescope, and observing 
tvhether the cross wired are clear and distinct 

If they are not, first adjust the eye-glass, by means of the 
tiaoveable eye-glass tube, liH you can perceive the cross wire 
clearly defined, atid sharply marked against any white object 

Then, by moving the milled-head screw (M), at the object- 
end of the telescope, imtil you obtain the proper focus, 
according to the distance of the object, you are enabled at 
once to see the object distinctly, as well as the intersection of 
the wires, clearly and sharply defined before it 



THE TBBKIBR. 7 1 

The existence of parallax is very inconvenient, and where 
disregarded, has frequently been productive of serious error. 
It will not always be found sufficient to set the eye-glass first, 
and the object-glass aAerwards. The setting of the object- 
glass, by introducing more distinct rays of light, will some- 
times affect the focus of the eye-g1a3s, and produce parallax or 
distincfncss of the wires, when there was none before. The 
eye-piece must, in this cose, be adjusted again. 

Generally, when once set for the day, there is no occasion 
for altering the eye^lcss, but the object'-ghiss will^ of coiu'Be, 
have to be altered at every change of distance of the otgect 



THE VERNIER. 

The vernier is a contrivance for subdividing, to any ex- 
tent, the smallest division in a graduated scale, . varying 
according to the scale to be subdivided, and the extent of 
subdivision, but having the same principle in all ca.es. 

The following explanation of that of the 5-inch theodolite, 
of Simms, which is given in the plate, and which is a very 
convenient and accurate little instrument, will serve for alL 

In this, the lower circle is divided into half degrees or 
30 minutes; and the vernier so arranged as to read ofiPto one 
minute. 

Twenty-nine divisions of the graduated scale, which is 
twenty-nine half degrees of the lower circle, are taken; and 
are divided, upon the vernier, into thirty divisions: now, 
as thirty divisions are compressed into the space of twenty- 
nine, each of these thirty divisions is one-thirtieth less than 
those of the twenty-nine: or, as the whole arc, in the graduated 
scale, is equal to 29 half degrees, or 870 minutes, and these 
are subdivided into 30 divisions, in the vernier scale, each of 
these subdivisions is equal to 29 minutes — therefore, if the zero 
point of the limb correspond to the broad arrow of the vernier, 
the first division line of the vernier is one minute to the right 



72 LAND.SUHVEYING. 

of the corresponding division on the limb ; the second division 
on the vernier, two minutes to the right; the third, three 
minutes ; and, so on, till the thirtieth division of the vernier, 
exactly coinciding with the twenty-ninth division, is just 30 
minutes to the right of the thirtieth, or corresponding division 
in the limb. 

If the vernier, therefore, be moved, till its drst division 
corresponds to the first division of the limb, the broad arrow 
of the vernier will be removed one minute firom the zero of 
the limb. If the second division of the vernier be made to 
correspond with the second division of the limb, the broad 
arrow of the vernier will be two minutes removed firom the 
zero of the limb. K the third corresponding divisions coin- 
cide, the zeros are three minutes removed, and so on. 

Hence, to set the instrument at any angle, of any number 
of minutes, between and 30, and 30 and 60, move the 
vernier, until the broad arrow becomes in such a position, 
within the required half degree^ as, that the number of the 
line, on the vernier, coinciding with the same numbered line 
on the limb, shall correspond to the number of minutes re- 
quired. And, to ascertain the number of degrees and minutes^ 
that there are in a given angle, observe where the broad ar- 
row of the vernier is ; if, between a full degree and a half 
degree, the angle will be so many degrees and as many mi- 
nutes, as are denoted by the number of the first division 
line of the vernier, (reading onwards as the degrees number), 
that coincides with the corresponding division in the limb; 
or, if between a half degree and a whole one, so many 
degrees and 30 minutes, plus the broken number of minutes, 
as denoted by the coincidence of the corresponding lines 
of the vernier and limb. 

The principle of the above subdivision of the vernier of 
Simms's theodolite, is very simple, and is universally applic- 
able to any subdivision ; viz., divide the value of the division* 
in the graduated scale, by the number of divisions in the 



THB VfiRNIER* 73 

vernier^ and the quotient will be the value of each of these 
subdivisioDs. 

Thus^ in the Theodolite^ the graduated division is 30 mi- 
nutes ; the number of vernier divisions 30; the instrument 
(29 being subdivided into 30) reads to one minute. 

In the Sextant, the graduated division is 10 minutes, or 
600 seconds; the vernier subdivisions are 60; the reading of 
the instrument therefore is to 10 seconds, (59 of these 10 
minutes being subdivided into 60.) 

In the Circumferentor, in this country, the common grar 
duation of the plate is to one degree, or 60 minutes; the 
vernier subdivisions are 20, making the reading of the in- 
strument only 3 minutes (19 of these divisions being subdivided 
into 20); in this case, nine and a half on each side of the zero 
are divided into 10. 

Hence, the value of the graduated division being given, 
and the extent of subdivision of reading required, we are 
enabled easily to ascertain the number of requisite subdi- 
visions 

For, by the rule above, if x -f- 1 be the required number of 
the subdivisions in the vernier, and r, that in the graduated 
arc; V, the value of the graduated division; and v, that of 
the required subdivision, we have, 

V V— 17 



— r=:v, or ar = . 

As for example: 
in the Sextant, where VizrlO minutes or 600 seconds and t? =: 10 
seconds 

then X :=: — ^^^^ — ^zz n: 59 divisions. 

10 10 

Again, in the Circumferentor, where V zi 1 degree or 60 mi- 
nutes ; and t; = 3 minutes, 

60—3 57 



X =i 



-— - 19 divisions of the plate, to be subdivided. 



3 3 

in the vernier, into ar + 1, or 20. 
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[^ feio general remark$ upon the Theodolite — its relative merits^ as 
compared with other instruments^ and the respective advantages 
of its own different modes of appHcation."] 

1. As compared with other instruments. 

It is an instrument calculated for extreme accuracy. It is 
an instrument that should always be used, when, as in the 
Ordinance Survey, quality and not quantity is the desidera* 
turn ; when the correctness of the result, and not the rapidity 
of execution, is the object 

I would here beg to caution my young readers against fell- 
ing in this profession, as is often the case in many others, into 
a mere system of cxclusiveness, viz. of advocating this or that 
particular system of surveying, whether by the Chain, Theo- 
doHte, Sextant, or Circumferentor ; they are all useful in their 
way, and each, under certain circumstances, has the advan- 
tage ; and there is scarcely any survey, of any extent, but what 
all of the three may advantt^ously be brought into use. 

In broad and extensive flatSy though the triangiilation were 
better carried on by the chain, as the chain is indispensable 
for determining the cross hedges, yet the long lines of tJte iri- 
angulation must be run in by the theodolite \ the common niethod 
of ranging by the poles would not be sufficiently accurate. 

In broken and hilly countries, where the chaining could only 
be obtained by an application of the angles, taken by the 
theodolite, to the determining of the comparative lengths of 
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the hypothenusal to the horizontal lines^ this instrument is 
indispensable. 

The correct length of one side of a triangle, together with 
the measures to minutes, half-minutes, obtained with the 
accuracy of which a good theodolite is susceptible, of its two 
adjacent angles, will always more certainly determine the po- 
sition of a third point, when hills intervene, than the incor- 
rectly measured distances of the two other lines. And, in 
both the above cases, the circiimferentor, (the third part will 
be devoted to the uses and application of this instrument), or 
die sextant, under certain limitations, can be advantageously 
introduced for the filling in. 

2. As to its oven modes of application. 

There are two methods of using ^s instrument, generally 
adopted ; the first by the needle i the second by^the Imck aihgle. 

The first method {by l^te needle) : — The broad arrow <rf the 
vernier, and the zero point of Ae horizontal limb, are, by 
means of the adjusting screw, made cat^efiiUy to coincide ; the 
maffnifyirtff glass mu^ be always used for this purpose ; the 
needle is then released, and allowed freely to play upon its' 
agate ; and the whole instrument, with the two drcles, firmly 
clasped together, turned round until the north end of the 
needle coincides, as nearly tts the eye can tdl, to the north 
point or zero in the graduated circle in the compass box. The 
whole is then clamped, and if in clamping, any error has arisen, 
it is careftilly corrected by the large adjustingnscrew (T.) Now, 
if the two plates be detached, and the vernier plate turned 
rotind to the object, the angle read by the vernier, will be the 
angle made at the station, between the first object and the 
north end of the needle. 

If the vernier plate be again undamped, and turned round 
to the second object, the vernier will, in this case, also denote 
the angle made between this second station and the same 
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north point The difference between the first and second 
reading will be the measure of the angle required* 

This is the method of taking an angle by the needle* 

It is^ however, a method that I consider very objectionahk. 
It is, after all, only an imperfect circumferentor. The gra- 
duation of the inner plate of the compass is too contracted, the 
diameter too small, and the needle too clumsy, to admit of 
any accuracy in the setting of it in the first instance. 

The second method, by the back angle. — ^In this case, the in- 
strument is placed at the second station, the bearing between 
the first and second being assumed as a base line, determined 
in position, and the angles are all based upon that Une ; thus, 
supposing the starting point to be A, the first station B, the 
base line AB, and the several stations C, D, E, F, &c., then 
the angle at B is that between A and C ; the angle at C, that 
between B and D, and so on. 

The disadvantage of this method is, that the error of each 
angle is not confined to itself, but is increased by the sum of 
the errors of all the preceding ; while in the first method, by 
the needle, each angle is confined to itself, being the angle 
made between each line severally, and certain meridian lines, 
that are considered parallel. 

On the other hand, as these meridian lines depend upon 
so small a needle, and so confined a graduation as that of the 
theodolite, they can scarcely be considered practically parallel. 

Looking, however, at both sides of the question, 1 am my- 
self disposed to give the preference to the Back Angle method, 
as I am convinced, that, as far as the mere reading firom the 
instrument goes, there is as great risk of error in two consecu- 
tive readings of the needle, as could possibly occur in the 
reading by the back angle. And with respect to the plotting, 
there are double the errors in the first method, to what there 
are in the second ; for, in the first, besides the error that may 
occur in plotting the observed angle, which is common to the 
two methods, there is the error of the non-parallelism of the 
meridian lines, which is peculiar to the first. 
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USEFUL PROBLEMS IN SURVEYING WITH THE 

THEODOLITE. 

l^The simpler Problems infrequent use will be found in my Elementary 

Text Book,'] 

PROBLEM I. 

It is often desirable to be able to produce a given line BC, which 
is inaccessible and invisible at the required point of production E. 

Take any stations, A and D, c 

whence B and C are visible, and at 
A and D take the several angles re- 
quired (see Chap. V on the deter- 
mining of the length of a new base 
Une, By angles taken f rem an old lincy) 
and determine BC, CD, and the 
angle BCD: through D, draw D£, 
at any angle with DC. 

Now, because tke line DC and the angle ECD have been 
computed, and CDE has been assumed, the triangle DEC 
comes under the first case of triangles, and the angle CED 
becomes determinable, as well as the required length of DE ; 
measure this computed length to E ; and at E lay off EF, 
making the angle DEF equal to the supplement of the com- 
puted angle CED. 

Example. — Being desirous of continuing an inaccessible 
line on the opposite side of a river, I measured a base AD, 
of 12 chains 50 links, and took the several angles made at 
each end of it, between this new base and two points that were 
visible on the given line, viz., at A, 50"*, 37°; and at B, 85®, 
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and 126^, I also measured, from the end of the new base 
line, nearest the river, another line, making an angle of 52^, 
with the new base. What must be the length of this line, and 
what the angle between this line and the production of the 
given line ? 

Answer: DE=13-17 chs. andtheangle DEF=103^ 48' 20". 

PROBLEM II. 

To measvre the angle made between two inaceeeeible tines, as ike 
angle of a fort, or the salient angle of a bastion. 

Let B be the salient angle of the bastion ABC, whose feces 
are AB and BC. It is required to measure the angle ABC. 

Take any point D, out of mus- 
ket shot, and produce D£ in a line 
with the face CB. At E, erect EF 
perpendicular to EC, about equal to 
ED, and also the perpendicular FK, 
such that AB, the other face, and K, 
shall be in the same straight line • 
produce the direction BK, to any 
point M. The angle FKM shall 
be equal to the angle ABC, Because DEF and KFE are 
two right angles, EB and FK are parallel, and, therefore, 
the outward angle FKM is equal to the inward opposite angle 
EBM, which is equal to the opposite angle ABC. Measure, 
therefore, the angle FKM, by the theodolite or the chain, and 
you obtain the measurement of the required angle. 

PROBLEM in. 

It sometimes happens in determining the position of two objects (visible, 
but inaccessible from each other), that both together are also inaC" 
cessible/rom any new station 

The only plan that can, in such cases, be adopted, is to 
select that station, at which the angle between them can be 
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taken by the theodolite, and whence the most favourable lines, 
to clear the obstructions, can be drawn on either side, as new 
bases, to determine the lengths of the immeasurable sides, that 
include the angle taken. 

First-- Let B and C be the 
given objects, whose distance BC 
is required. Let D be the slation, 
whence B and C can be seen, and 
the angle BDC measured; but 
BD and DC cannot be measured. 

Now, if the stations B and C 
are of such a kind, and so situated, that, though AB cannot 
be measured, the Kne of direction of CB can he produced to any 
point A, whence D can be seen ; by taking the angles at A and 
D, and measuring AD, you obtain the triangle ABD, and, 
therefore, BD and the angle ABD, which being the outward 
angle to the triangle BCD, is equal to the angles BDC and 
BCD. BDC being known, BCD, therefore, becomes known, 
and BD is known ; hence, the distances required become de- 
terminable, under the first of the three cases of trigonometry. 

Example: — Wanting to know the distance between two 
forts, on each side of the entrance to a harbour, I measured a 
base line, 35 chs. 20 links, along the beach, from a point on 
the beach in the produced range of the flags of the fort, 
to another point, which was nearly opposite to the centre 
of the entrance, and found, at this second point, the angles 
made between this line and the two flags of the fort, to be 
8° 29' 40", and 45^ 11' 20". The angle made at the first 
point between the range of the flags and the second point, 
viz., the angle DAB being 30® 17' 38", what was the length 
of BC? 

Answer: 8 miles 3} furlongs. 
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PROBLEM IV. 
When CB cannot he produced. 

It becomes necessary to consider DB b, 
and BC5 as two new unknown distan- 
ces required. 

Select any points A and E> visible 
from D9 and such, that B is visible from 
A, and C visible from £. 

At D, take the angles ADB, BDC* A' 
and CDE ; measure DA and DE ; and, at A, take the angle 
BAD, and at E, the angle CED. 

The triangles ABD and CDE, have one side and two angles 
given, and come under the first of the three cases. 

Hence, BD and DC are determinable, and the triangle BDC, 
having now the two sides BD and DC, and the included angle 
known, comes under the second case. 

Example. — On another occasion, wishing to obtain the dis- 
tance between two forts, similarly situated, at the mouth of a 
river, I found that, in consequence of the high ground in the 
rear, the line of direction could not be produced. 

I was, therefore, under the necessity of adopting another 
plan. Placed my theodolite at the head of the harbour, and 
took the several angles, made between the flags of the fort and 
two new stations, whence these flags were also visible, viz., the 
angle ADB, 58°; BDC, 42°; and CDE, 72°; measured to 
these stations, DA, 32 chs. ; DE, 35 chs. ; and at A, and E, 
found the angles to be 83 <> and 86 <^. 

Answer, 1433 yds. 
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PAOBLEM Y. 
TPhen no point can be found, whence B and C are both vitibU. 

In this case some other arffUlgem^nt is necessary. 

Let B and C be unknown stations, 
as before, so placed that only one of 
th6m, B, id visible at D. Select any 
station A, whence D and C are vi- 
sible; take thd angle BDA; measure 
DA; and take the angle DAC. 
These data, if AC Were known, 
would give us the length of DC, and 
the included angle BDC, as BDC would be the difference 
between the measured angle Bt)A, and the computed angle 
CD A; then, by obtaining the length of BD, the triangle BDC 
would have two sides, and the included angle known as before. 

Find, therefore, the lengths of BD and AC, in the manner 
explained in the last example, considering them as two new 
unknown lines, by measuring DF and Afi, and taking the 
angles BDF, SFD, and the angles CEA and CAE. 

These datat give you DB and CA. 

In the triangle CAD, you have also DA, and the included 
angle DAC, therefore DC is determinable, and the angle 
CD A ; but the whole angle BDA was taken, therefore the 
angle BDC, the included angle of the first triangle, becomes 
known by computation, which, by the position of the objects, 
could not be taken by the theodolite. 

Example. — On a third occasion, with a similar object, dould 
not, from a nufnber of buildings, find any point at the head of 
the bay, whence both flags were visible. Took a station D, at 
the head of the bay, and found the angles, between the flag B 
and two new stations F and A (whence the flags were visible) ; 
the angle FDB, 90"; the angle BDA, 125° 40'; measured as 

G 
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follows viz. FD, 10 chains, and DA, 12 chains ; again at F, found 
the angle DFB to be 54° ; and at A, the angle DAC, to the 
other flag, 79°; and the angle CAE, to another station E, 50°; 
also AE, 8 chains 20 links ; and then found the angle AEC to 
be 93° 30'. What is the distance BC ? 

Ans. 17 chs. 62 links. 

PROBLEM VI. 

To ascertain the height of a hill above the level of the country ^ 
where the ground is so broken that a horizontal line cannot be measured, 
and the only angles^ that can be taken, are from a point in the rising 
ground of another hill, which does not admit of measuring the horizontal 
distance from the object, and from the bottom of the first hill. 

Let EBD be the hill, whose ver- 
tical height is DB. Let E and H be 
the two stations, for taking the ver- 
tical angles, in the same vertical 
plane with the height BD. 

At E, take the vertical angleBKC, 
and from E, measure the distance _____^ 
HE along the slope of the hiU : at ^ ^ ^ 

H, take the angle of elevation BGL, and the angle of depres- 
sion LGK, setting a flag K£, at the point E, equal to the 
height GH. The heights required are DB, and FG. 

Now, in the triangle BKC, because the angle BKC is known, if 
KC or KB were known also, the triangle would be determinable. 

Because GL is parallel to NC, the angle MKC is equal' to 
the angle GMK, which, being the outward angle, is equal to 
the angles BGM and GBM; that is, the vertical angle GBM 
is equal to the angle of elevation at K, minus the angle of ele- 
vation at G. The angle GBM thus being known the triangle 
GBK has the side GK, and two angles known, and is there- 
fore determinable. In the triangle KCB you have the hypo- 
thenuse KB and the angleBKC known, to determine the height 
CB; to this must be added CD, the height of the theodolite > 
to obtain the height of BD. 
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The difference between the heights of the two stations, B and 
H9 is found by subtracting NH from CB, their respective 
heights above the common datum line NC. 

Example. — Given at G, the angle of elevation BGL^ 12® 15" 
and the angle of depression LGK, 42°29'; the hypothenusal 
distance GK^ 8*25 chains ; and^ at E^ the angle of elevation 
CKB, 64^ 15'. Required the difference of height of the 
stations G and B. Ans. 202 feet 



PROBLEM VII. 

To determine the height of an inaccessible object by a sextant. 

Select three points in a sircdghi line, whence a distinct view 
of the object can be obtained, measure their distances from 
each other, and take the angles of elevation at the several 
points. 

Let AB z= the A 

height = x; and 
the angles ACB, 
ADB, and AEB, 
or the angles of 
elevation = /3, y, •, ^ 
respectively, and 
CD=a, and DE 
= 6; also let the D" 

angle CDB = ^. 

Now the COS. 6 or angle CDB.=: g'+DB^— CB^ 

^ ^ 2 a.DB. 




and — COS. ^ \ 

or the angle BDE j "^ 



2 6.DB 



.-. 6(a«+DB«-CB2)=-a(6«+DB*-BE2) 

but BD«=cot« y.x« 
CB«=cot« fi. « 
BE^=cot« S.x« 
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»«(cot*yk 5— €Ot«)9. 6+cot«y. fl — cot »& fl)zr— («ft»+o« 6) 
a?« (^» cot. 2 /34.0i cot » >—(«+*) cot* y)z=(o+&) a& 



'-y. 



(jt^h)ab 



d. cot« /3+« cot I — (a+&)cot«'y 
Where Ae height eqtials the root of the product into the 
snm, divided by the sum of each distance into cot* of its re- 
mote angle inimis the sum of the distances into the cot.^ of the 
middle angle. 

Whenanft 






2 



cot ^/3+cot 2^—2 cot^y. 
Example. — Took three stations in the same straight Ime, at 
some (fistance from an object, whose height was required, and, 
by means of a pocket sextant, took the angles of eleratioD 
12" 45', 14° 45', and 18° 7'. The distances between the stations 
were 12 chains, and 15 chains. What is the height of the ob- 
ject ? Ans. 249 fcc4i. 



CHAP. IV. 

SURVEYING BY THE THEODOLITE. 

Having given the theories of solution of most of the practical 
cases, that can occur in the measurement of inaccessible heights 
and distances, by means of the Theodolite, we will now proceed 
to explain the measurement of a road and field, by this instm- 
ment, and the method of keeping the field notes. 

In the survey of a field, by the theodolite, as well as in the 
survey of roads, as explained in Chap. IL, there are likewise 
two methods adopted : first, by selecting one of the sides as 
the base, and using the back angle ; and secondly, by two 
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stations, by making the largest diagooal line the base of a 
number of triangles, and computing the position of the several 
comers, considered as vertices of triangles, whose angles at 
the base are determined by the theodolite, at the two stations. 
The annexed field notes refer to both methods. 



Example 1. 



SURVEY OF A ROAD BY A BACK ANGLE. 
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EXAMPI«£ 2. 

(BY TWO STATIONS). 
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The notes, in Ihe first example, are tkose of a survey of a 
road by the bach angle. In the second example, they are those 
of a field surveyed by two stations. 

The student will observe carried out, in these notes, the 
principle before recommended, of taking the angles always 
fi-om left to right 

For instance, at station A, between station B, and station D, 
the angle is 242 degrees 22 minutes; that is, at the station 
9*03, the direction of D (AD), is, measuring firom left to right, 
not only 180 degrees, but 62 deg. more, extending into 
the third quadrant of the circle. The angle, reading the other 
way, from right to left, might have been taken, or the instru- 
ment might have been set to D. In the former case, the work 
would only have to be done in the field, which is now left to 
be done at home : in the latter, every station, making from left 
to right a greater angle than 180 degrees, must be made a new 
station ; the entering of the field notes would be more compli- 
cated, and errors without number would result. 

It is oftentimes requisite to take several angles at the same 
station, by considering the base line as fixed and constant, and 
determining the relative directions of the other points to this ; 
the arrangement of the notes becomes simple and clear. As, 
for instance, a^ A A (see page 90), denotes that all the fol- 
lowing angles {reading upwards^ are taken at that station, with 
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the theodolite unmoved. And between aB, shows that the 
station, at which the angles are taken, is on the line between 
which they are measured; and the following lines, in the 
margin to the left, being left vacant, proves that all the angles 
following are taken at the same station, A A, and measured 
from the same line. 

I have preferred the phraseology of (" between — and ") to 
that of ("from — to"): there is less ambiguity about it; an 
angle is made between two lines, at a certain point. 

The angles taken at this point are all of them, with the ex- 
ception of the first, in the third or fourth quadrant There is 
no possibility of error in this arrangement, and there is cer- 
tainly nothing unmathematical in admitting an angle greater 
than 180 degrees. 

In taking several angles at a station, when it is only desired 
to measure along the thus ascertained direction of a new line, 
this angle should be taken last, and placed immediately before 
the chain distances. Thus, at AD> the angle between AB, 
and AG, is placed last 324^ 00', because the following dis- 
tances, 0*33, 1*00, &c., are distances on the line DG(to AG). 

The field notes No. 2, (page 89) are those of the survey by 
the theodolite of a field, the plan of which is given at 
page 88. 

I hope the student will understand, that I have not intro- 
duced the example of surveying a field (by the theodolite), as 
conveying an opinion, that it is indiflferent, whether a field 
is surveyed by the theodolite or chain, far from it. I have 
merely given this, as an example of how it is to be done, on a 
larger soale. A theodolite would be quite out of place, in so 
small a survey as this. 
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CHAP. V. 



FIELD NOTES. 



Of a survey, actoallj made at Blackheath, explaining the 
method of keeping the field book, and the practical arrange- 
ment and computation of the angles* 




Total length of AB n 46*56 chs. 

These Notes b^n at page 95, firom south-west comer of 
padk, &c, and read upwards. 



Between a on base line 
at 16*77 on base line 



83° 11' 



and Enockholt Beeches 



The base here was so disproportionate to the unknown sides, 
that it became necessary to take a check angle to prevent in- 
accuracy. 
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Tertical angle 

348"30' 

337^0' 

vertical angle 

I62°29' 

324^58' 

vertical angle 
108*20' 
216038' 
324 ^'S;' 



O"" 22' 0" 
348° 30' 

0°33' 

162 29' 

0''33' 

108° 19' 



vertical angle O'' 30' 0' 

82**12'| 

164^26' 82' 13' 
246^39 
vertical ano:le 
53^2 
10<>^6 
vertical angle 
21°29' 
42«'58 
64^28 
between base line 

at A B 



to top of Spire 

and Charlton Church. 



to top of tree 

small bush right of large 

Tree on Forest Hill, 
to top of Spire 

and Lee Chnrch. 



o — 

'■■) 



} 



345-33' 

123^37' 

vertical angle 

325*^41' 

83^54' 

202^6' 

vertical angle 
284°46' 
209*^31' 

vertical angle 

264°57' 
169^54' 

vertical angle 

207^29' 

54^54' 

between base line ab 

at A > 



r3o' 

53^ 2' 20" 
r 15' 

21' 29' 20" 



to top of Beeches 

and Knockholt Beeches Ad 

to top of Spire 
and Blackheath New 
Church. 

to to[) of Tower 

and pole at top of Seven- 
droog Castle. 



345° 33' 
0°36' 

325° 41' 20" 

2° 8' 0" 
284° 45' 40" 

0^34' 
264° 57' 
1°42' 
207^29 



and borfr cm right of tege 

tree on Forest Hill, 
top of Spire o( Church. 

and Lee Church. 



to top of Spire 
and Blackheath New 
Church. 



to top of Beeches. ^ 

and Knockholt Beeches A d 

to top of Turrets 

and Sev?ndroog Castle. 
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SURVEY AT BLACKHBATH. 



^-. 

^ "-^ 







Scale of 12 Chaiiis to the inch. 



from A B 
the distances were 



46-56 
4071 
1677 



to A A 

to 1443 on 1443 

A 



Correcting for the 2^ inches. 

This chain had been previously carefully measured at the 

standard chain length at Somerset House, and was 2| inches 

too short 

4670^ 
40-83 
16-82 
from A B 

The chain, which was used the first day, having been mis- 
laid, another chain was used for the second measurement 

JSnd of first day^a work. 



to A A 

to 1443 on 1443 

A 



from 1400 on 3952 | 30-4 6 | to 5 82 on 47'81 

"Trom 585 on 585 | 7'40 [lo 600 on 3952 



from A A by side of Shooter^ 



47-51 

46-51 

38-98 

5-82 



to 585 on 585 

Ab 

A by side of road 

to 14-43 on 1443 
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from S. E. comer of park, 
ranging with easterly wall . 


14-43 
1-35 


A 

to 39-52 




side of — 

to wall 37 

3 

to park gate 


to wall 4 

from 65 on 585 


39-52 

38-57 

30-00 

2000 

1400 

13-98 

600 

1-96 

1-27 


A 
--road 

A 
A 

along wall of park 




^ 


5-85 
0-65 
0-62 








to wallO 


A park wall on left 



from S. W. comer of Greenwich Park, at Blackheath, near the 
Princess Augusta's. 

These Notes were taken in order to obtain the relative posi- 
tion of the assumed base AB (which was a loose line upon 
Blackheath Common), with the fixed line of the southerly 
wall of the park, which is laid down upon the ordnance 
map. 

This was done for the purpose of testing our computed dis- 
tance of the Beeches, with that given by scale from the ordnance 
map. 



To find the value of the chech-anghy 83® 11' (page 92), by 

computation. 

The base AB being given, 46*56, and the angles at the 
base 95° 3', and 82^^ 13', the other two sides were found to be 
967 chains 34 links, and 972 chains 60 links. 

Now, in the triangle ADC (page 92), we have the sides AD, 
AC, and the included angle at A ; hence, by the second case of 
trigonometry, the other angles were computed, and that, at 
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the base, ACD, found to be 89^ 11' 12", the supplement of 
which is 96° 48' 48"; the meastire of the angle DCB being 
only 12 seconds less than the observed angle 96^ 49'. 

Testing of the field ioork. 

The length DB, being the distance from the Knockholt 
Beeches to A B, was found to be 972' chains 60 links. To 
this was added the distance of B, from the S W. comer of 

the park, viz., V5*85*+100S or 5 chains 93 links, and the 
total distance^ obttuned thus, was 978* chains 53 links, or 12 
miles, 1 furlong, and 8 chains 53 links. 

The distance an the ordnance maps is somewhat less than 12 
miles 2 furlongs. 



CHAP. VI. 

TRIGONOMETRICAL PROBLEMS. 

Before proceeding to the solution of these Problems it must 
first be demonetrated, that, if any polygon be taken, and lines 
be drawn from a point, either within or without it, to the 
several angles of this polygon, the continued product of the 
sines of one set of alternate angles, made by these lines, and 
the sides of the polygon, will be equal to the product of the 
sines of the other set. 
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Let H be the point whence the lines 
HA y 13B, HC5 &C9 are drawn to the 
angles of the Polygon. 




Now, in the triangle AHF, |2=-^ 

AH sin. 

In the same manner IM^-iElf. 55^?Eli, &c. 
AH m JbH 



Bki sin.b miLd sin./ 
or 



1 . sin. a. sin.c. 8in.e. &c. •, 
and .*. ..... ^ g = 1 

sm.o. sin.a. sm./. &c. 

sin.a. sin.c. sin.e. sin.^.=:sin.i. sin.df. sin./ &c. 
The same result would obtain, when H is withoiU the Polygon. 



PROBLEM I. 

Given the position of two known points, to determine the length of 
a new base line, by means of angles taken from its extremities 
with the given base. 

(Resolved analytically.) 
Let PQ be a line determined 

in position ; having selected two 

stations A and B, it is required to 

find their distance firom each other, 

this distance cannot be measured, 

but the angles a, &, c, d, can be 

taken by a theodoUte. 
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First let P fall outside the triangle AQB. 
In this case AQ, QB, AB are the sides of the figure, and 
AP, QP, BP are the lines drawn to the angles. 

Let 5=AQB=(AQP+PQB,) or, 180— (a+c) and x=PQB 
.'• (sin. J. sin. « — x* sin. (c+d)=zone set; 
sin. (a+i) sin. z, sin. dzzthe other. 

but sin. b, sin. c-j-^- sin. s — ^:r=:sin. d, sin. a+b. sin x. 
sin. 5. sin. c+if (sin. s. cos. x-— sin. or. cos. s) = 
sin, </. sin« a-t-6 sin. x; 
[dividing byriiu xJ\ sin. b sin. (c+if)(8in. s cot x — cos. s) zz: 

sin. d* sin. (a+5); 
sin b sin. (e+<0* ^^* ^ ^^^ x-f-sin. 5 sin. (c-f d). cos. «= 

sin. d sin. a+& ; 
.'. sin. b sin. (c+rf) sin. s cot x= 



sin. & sin. {c+d) cos. «+sin. d sin. a+£. 
getting rid of the coefficient of the cot x\ we have 



cot ar=cot f+sin. d. sin. a<f &• cosec. 5. cosec c^-c^ cosec. #. 

This will give the value of ar. 
Now sin. SI AB : : sin. a : QB ; 

.% AB = ^!^ ^ ..QB =coseci a. sin. #. QB; 
sin. a 

and sin. (x+c+rf) : QB : : sin. (c+i) : PQ ; 

. gQ^^sin. (x+c+rf) pQ^ 

sm. (c+o) 

and, therefore, by substituting this value of QB, we have 

ABzzcosec a. sin. «. cosec. (c+d). sin. (x+o+<0* ^Q> 
The sin. (x-f e+ J) requiring the value of x, before it can be 
resolved, this value is given above in the formula of 
cot x=cot «+sin.dsin. {a-\-b.) cosec 6. cosec. (e+<f) cosec s. 
Now, (a+&) and (c-f c/) being the angles opposite PQ, are 
known. 
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PROBLEM II. 



Next let the point P fell within the 
triangle. It is required to find AB 
as before. 



Let*= 




AQB=180^(the angles QAB + QBA) 
= ISO— {a+b+c+d) 
And let z PQB=x. 



then sin. b. sin. s — x. sin. c=:sin. d. sin. r. sin. a. 

resolve sin. s-r-x and we have 

sin. b. sin. c, (sin. s. cos. d^--sin. a?, cos. *.)=rsin. <f. sin. ««sin. a. 

sin. b. sin. c. (sin. «. cot a? — cos. *)=:sin. d sin. a. 
sin. 6, sin. c. sin. s. cot x=8in. A sin. a+sin. b. sin. c. cos. s. 



.'. cot 



sin. (L sin.a. 



cos. «• 



sin. b, sin. c. sin. 5. sin. s. 



cos. 



and because zicot and-T-=xosec 

sm. sm 

.'. cot xizrcot «4-sii^ d. sin. a. cosec. b, cosea c. cosec *. 

Again because sin. s: AB : : sin. {a+b): BQ. 

.*. AB=sin. ^. cosec. (a-f^)*BQ 

and because sin. c : PQ : : sin. (x+c) : BQ 

.'. BQ=sin. (x+c) cosec. c.PQ 

and therefore, bj substituting the value of BQ, we have 

AB=:cosec. (a + 5) sin. s. cosec. c. sin. {x+c) PQ. 

And^ whether P fall within or without the triangle ABQ 

the required distance AB will always be 

AB=PQ (cosec. BAQ. sin. AQB. cosec. QBP. sin.QPB.) 

The value of x being always wanted to obtain the value of 

the sin. QPB. 
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PROBLEM III. 

Next let P fall withont the tri- 
angle and on tlie same side of AB 
as Q is; and let the angles a, by e, d 
be taken by the theodolite as be- 
fore. In this case let E be the 
point whence the lines are ^drawn 
to the angles. ^ 

Nowlet6-fczr*=QEAziEPQ-hEQPandlet EPQx, 
therefore PQBzij — x 

Now, 

sin. a. sin. c, sin. APB. sin. {s — jc)zr 

sin. h. sin. d. sin. x. sin. AQB ; 

but sin. APBursin. of supplemental Z {h+c-^-d), 

and sin. AQB=sin. supplemental j^ia+h+c). 

.•. sin. a, sin. c, sin. {h-\-c+d). sin. {s — x)z=: 

sin. h, sin. d, sin. x, sin. (a+6+c). 

or, sin. h, sin. c, sin. (i+c+d), (sin. s. cos. x — sin. x. cos. s.) — 

sin. 5. sin. ^f. sin. j:. sin. (a+ft + c). 
(dividingby sin. x) sin. «. sin. c. sin.(6 + c+c?).(sin. 5. cot. x— cos. s) 

zisin. fe. sin. rf. sin. (a+^+c). 
or sin. a. sin. i?. sin^ (6+c+£i). sin. s. cot a?=z 
sin. ft. sin. i. sin. (a4~6+rf)+sin. a. sin. c. sin.(6+c+rf). cos. s. 
hence, by transposition and getting rid of, as before, the co- 
efficient of cot. a?, we have, 

cot a:=cot 5+sin. 6. sin. d, sin. (a+6+c)« cosec. a. 

X cosec. c. cosec. (6-|-c+rf). cosec. 5. 

whence x, and« — a; are known. 

Then as sin. (a-j-fe-fc): AB:: sin. (a+6) : BQ 

.'. ABrzsin. (a+fe+c)- cosec. (a+6). BQ. 

again as sin. (rf-f-5 — a?): BQ : : sin. di PQ 

.•. BQzzsin. (rf-f^— x). cosec. PQ. 

AB=sin. (a 4-*+c)- cosec. (a4-ft).sin. (<^+5 — x). cosec. (rf). PQ, 
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=:cosec. (a+6). sin. (<^+* — x). cosec <f. sin. (a-f-6+c). PQ. 
AB=PQ(cosec. QAB. sin. QPB. cosec. QBP. sin. AQB> 
Which is the same result as the two preceding cases, where 
the relative positions of the given and required bases materially 
diflPer from the present 

Hence, if the distance between two objects be correctly 
known by previous surveys, and a base likb be required, the 
actual measiurement of which cannot be accurately depended 
upon, at the same time that perfect accuracy is indispensable 
in determining it, as it is to become the base of other triangu- 
lations, by selecting two stations, from each of which the two 
given objects and the other station can be seen, whatever may 
be the relative position of the given and required bases, the 
length of the new base can be always determined. 



CHAP. VII. 

PROBLEM I. 

Given the position of three known points, to ascertain the position 
of a new station, whence those points can he seen. 

(Resolved geometrically.) 

Hayxng previously determined the position of three different 
places. A, B, and C, not in the same straight line, and being 
desirous of connecting with them a new survey, which is at 
some distance, but from which the three objects can be seen, 
it is required to determine the position of any point D, within 
the new survey, by means of angles taken at that point between 
the three given points. 

Let A and B be the extreme stations; join AB, AD, and BD. 
Now the other given point, C, can either fall on the line AB, 
or within or without the triangle ABD. 
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Ist Let it faU within; about the tri- 
angle A6D describe a circle^ join DC, 
and produce to £; join A£ and EB. 

Let the Z ADErzm, and the angle 
BDE=:;;t, (in all the three cases) then 
the angles ABE^ B AE^ will be also re- 
spectively equal to m and n, being upon 
the same segments of a circle^ AE^ and 
BE. 

Now, therefore, there are in the triangle AEB, the base AB, 
and the angles BAE and ABE, known. 

AE and EB are thus determined. 

Again, the sides AC, and AE, being known, and the in- 
cluded angle, the angle AEC can be obtained. This is also an 
angle of the triangle DAE, whose other angle (m) at D has been 
taken, and therefore the angle DAE can be determined ; again, 
because the angle CAE (a+^i) is known, their supplemental 
/. DAC becomes known; and there are, in the triangle D AC, the 
angles ADC, and DAC, and the side AC, given to determine 
the sides AD and DC; and in the triangle DCB, you have 
now DC and BC, and the angle CDB, (n), known. 



PROBLEM II. 

Now let C fall withmit the triangU 
ABD. 

Describe a circle as before ; join AE, 
and BE; then the angle BAEi=:n, and 
ABE=:m;and the angleCAEzza — n; 
and the angle EBC=:B — nu 

Determine as before the sides AE, 

and EB, and, having the sides AB '* •• ^-.•''' 

and BC known, you have two sides AC and AE, and 
included angle, whence to obtain the angle ACD. 

7^ after process is the same. 




their 
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PROBLEM III. 

LcaAy^ let A, B, and C, be in the 
same ttraight Hne. 

Let z ADC=m, and CDB=n, as 
before^ and describe round A6D a 
circle ; produce DC to E, and join AE 
and EB. Determine AE and EB^ as 
well aa the angle E, as before; th^n, 
because AC also is given, therefore 
the two sides CA, AE, and the in- 
cluded angle C AE, are known, and therefore, the angle AEC ; 
and in the triangle AED, the angle DAE, the supplement of 
the other known angles is known also; whence, in the triangle 
ADC, there are two angles and a side known, and also in 
DBC. The required sides AD, CD, BD, are thence 
found. 

The above are examples of solution, when the student is 
not acquainted with analytical trigonometry. 

There is an easy method of ctmstructing the figure^ anddeter^ 
mining upon paper the position of the required station. 

Let ABC be the given triangle, 
and D the given station, whence the 
angles ADC, and CDB are taken. ^ 

To find the paint D. I 

Upon AC describe a segment of i 
a circle, having an angle {m) equal V 







to ADC, and upon CB the segment 

of a circle, having an angle (n) equal 

to CDB, the point of intersection of the circles shall be the 

station D required. 
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These cases may be provedanalytically^ if the student should 
prefer it, in the same way as the Problems in Chapter VL 

In the first case^ where AB is given, and two angles a and h. 

Make 5=the difference between the known angles and 180'' ; 
and s and s — x, are the unknown angles required. 

Equate the product of the sines of the alternate angles, as in 
Problem 11, page 99, and resolve the sin. {s — x) into its equiva- 
lent values of the simple sines. 

Arrange the known and unknown values on their proper 
sides of the equation. 

Divide by the co-eflScient of cot a?, and you obtain the value 
of one of the unknown angles. S^x = the value of the other. 
The sides are obtained by the formulae, for the relative values 
of the sides, and the sines of their opposite angles. 

In the second cassy where AC and CB are given, and the 
included angle, ACB. 

Let sz= 360 degrees — (ACB -(- m + n); let the angle 
OBD = X, then the angle CAD will be equal to S—'X ; ED is 
the common base of the two triangles. 

Equate the value of ED in the two triangles, thus — 

As sin. m : AC : : sin. s — x : DC 
and as sin. n : BC : : sin. x : DC 



.'. AC. sin. S—x ^ BC. sin, x 
sin. m sin. n 

Or, AC. sin. n. sin. (s — ^ap)=BC. sin. x. sin. m. 
Then, by resolving sin. 5— x, we shall have 
AC. sin. 71. (sin. s. cos. x — cos. s, sin. x)=BC. sin. jc. sin. m. 
AC. sin. n. (sin. s. cot x — cos. *)=BC. sin. m. 
AC. sin. n. sin. s. cot x=BC. sin, m. + AC. sin. n. cos. s. 

BC 

and .% cot xzz —-.sin. m. cosec. n. cosec. * + cot s. 



105 



CHAP- VIII. 



TRIGONOMETRICAL SURVEY. 

The following field notes axe given for examples to the student. 
A base line was taken on Hampstead Heath, and angles were 
taken between it and the Churches of Highgate^ Hampstead, 
and St Paul's. There was also an angle taken to a Stone 
Monument, at some distance on the Heath, on the ascent of a 
hill, whence a second angle could be taken to St Paul's, which 
was not visible from both stations on the base line. 

The distance between St Paul's and Highgate was subse- 
quently calculated, and this distance being assumed as an old 
Uncy a new line was taken at Streatham, whence angles at each 
end were taken to this old line, for the purpose of ascertaining 
the exact direction of the new line, preparatory to deter- 
mining the relative position of the two surveys at Streatham 
and Hampstead. 

HAMPSTEAD HEATH FIELD NOTES. 



Z, elevation 


0° 19' 


baU of St. Paul's A r 




96^*2' 


and St. Paul's A f 


between A a 


11° 36' 35" 


and Highgate Church A e 


at A c 







angles 



.| 



elevation 
elevation 
depression 



between A a 
at A B 



0*» 1 8' 0" 
3° 15' 5" 
3° 15' 0" 

306" 3' 40" 
293° 49' 

ISr 51' 40" 
74° 47' 



of St. Paul's A F 

of Highgate Church A e 

of bottom of hill on b. l. 

and Stone A c 

and Hampstead Church Ad 

and St. Paul's A f 

and Highgate A £ 



between A b 
at A A 




and Highgate Church A e 
and Hampstead Church A i> 
and Stone A c 



from A Aj 24 74 chs. to A b twice measured 
BASE LINE. 
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ExpUmationSf ^. 

Let AB be the base line, 24 chains 74 links long; E^ High- 
gate Church; D, Hampstead; F, St Pauls; and C, the 
Stone Monument by the roadside. 

At station A the following angles were taken — to the Stone, 
SI** 8'; to Hampstead Church, 94*^29'; computing, always, 
from the base line towards the right The first angle is the 
angle B AC ; the second is the angle BAD ; the angle CAD 
is equal to the difference of these two, or 13° 21'; the other 
angle is 278° IT, or an angle in the fourth quadrant; the angle 
BAE is the difference between this and 360° or 81° 49'. 

At station B, the first angle taken, is to Highgate Church, 
ABE, 74° 47'; the second angle, to St Paul's, 181° 61' 40", 
being the angle. ABE, 74° 47'+the angle EBF, which is 
therefore 107° 4' 40". The next, to Hampstead Church, 
293^ 49', making the angle ABD the difference betweeen this 
and 360°, or 66° 11'. The next angle is that to the Stone, 
which is 306° 3' 40", making the angle ABC, 63° 56' 20". 




The angles of elevation were taken, in case of their being 
wanted. 

And, lastly, at the Stone C, the angles were taken to High- 
gate Church and St Paul's, 11^ 36' 35", and 96® 2'. 
The distances required were EF, BF, and CF, 
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CALCULATIONS OF ANGLES TAKEN AT HAMPSTEAD. 

nese calculationa were made for the purpose of determining the dis' 
tance from St. PauVs to Highgate Church, These being the only two 
objects that were visible both at Hampstead and Streatham. 

Arrange^ systematically, the work to be done, by dividing 
it into triangles, and apportioning the proper lines to be de- 
termined in each. 

Thus in the triangle AEB, find AE and BE. 
In the triangle ACByfind AC and BC. 
In the triangle CAEfind CE. 
In the triangle CBE/nrf CE. 
Their equality proves the worL 
In the triangle CBF, find CF and BR 
In the triangle E3F,^nd EF\ 
In the triangle ECF, find EF«. 

EF^ and EF* must agree. 
To find BE in the triangle AEB. 

As sine L E zz 23*^ 24' = 9'5989523 

is to AB = 24-74 chs. iz 1-3933997 
soissine^EABr: 81^49' = 9-9955552 

11 •3889549 
9-5989523 



to BE = 61-66 chs. = 1-7900026 

To find AE, in the triangle AEB. 

As sine Z E : AB : : sine Z B : AE 

AE= 60-11 chs. 

To find CBf in the triangle ACB. 

As sine Z C : AB : : sine Z A : BC. 

BC = 34-61 chs. 

Again, to find AC in the triangle ACB. 

As sine Z C : AB : : sin. Z B : AC. 

AC = 28-32 chs. 

In the triangle CAE, to find the unknown angles. 
As AC+AE : AC— AE : : tan. ^ ^+ ^ ^ 

: tan. i difFerence = 3^ 5' 4" 
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The angles being known to find E C, 



As COS. ^^7^^; COS. ^^\^ ^ :: AC+AE: EC 

EC = 87-58 chs. 

In the triangle ECB, to find the unknown angles y and thence the 
side EC. 

As CB + BE : CB— BE : : tan -i-9+^: tan. ^^7^^ 

tan. \ difference = 7° 40' 49". 
And as cos.^ ^T^ ^ : cos. i^±^ , ., CB + BE : EC 

EC = 87-58 chs. as before. 

In the triangle CBF, to find CF and BF. 

As sine z F: BC : : sine Z- C : BF 
BF = 329-17 chs. 
And as sine L F : BC : : sine L B : CF. 
CF = 349-80 chs. 

In the triangle EBF, to find the unknown angles, andEF. 

AsBE+BF:BF— BE::tan. ^^+^ ^ ;tan. ^ ^~^ ^ 

=26° 49' 42". 

Z BEF = 63* 17' 22". 
z BFG = 9° 37' 58". 

As COS. ^ J=Al: cos. ^^+ ^ ^ : : BE+BF: EF 

2 2 

EFzz 352-24 chs. 

In the triangle EOF, to find EF. 

As sine z F: EC:: sine z C: EF. 
EFz= 352-23 chs. 

The same within one link as before. EF is the distance 
required — ^viz., from St. Paul's to Highgate Church. 
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STREATHAM COMMON FIELD NOTES. 





86° 50' 0" 


and St. Paul's A r 


Between A p 


69" 8' 27" 


and Highgate Church A « 


at A a 






between 


108° 27' 0" 


and A Q> 


Highgate Church A e 


19° 48' 40'' 


and St. Paul's A r 


at A P 


32-10 






Aa 


fence — 


4-81 


— X 


side of Reservoir 5 


4-42 




side of Reservoir 5 


0-61 


A P near New Church, op- 
posite Crown and Sceptre. 



These notes were taken to determine the length and the relative post' 
tion toith the Hampstead survey of the base line at Streatham. 

As it was doubtful, however, whether, in the observation taken 
at station Q, the angle PQE was taken to the proper object, 
from the extreme fogginess of the morning, which prevented 
the spire of Highgate Church from being distinguished from 
many others in the neighbourhood, though that observation, 
if to the right object, was, in itself, correctly and careftilly 
taken, it was checked by assuming the distance PQ (taking 
its measured distance), as known, and calculating what the 
angle should be, between the proper object and the given base 
line. 



Highgate Chnrcli ^ 



&S2.2Z^ 




St. Paul's. 



.Sl^d. 



PQ being the Base Line at Streatham, this base measured 
on the ground 3 furlongs, 1 chain and 49 links, commencing 
(see notes) at 0*61 and ending at 32*10 chs. 
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Fimfind PF in the tnangle PQF. 

As sine z PFQ-.PQtrsine zPQF:PF 
PF=398-29 chains. 
To find the angle PEF in the triangle PFE. 

AsEF : sin. z FPE :: PF : sine L PEF 
the angle PEF=22° 32' 4'' 
To find PE in the same triangle. 

As sin. L FPE : EF : : sine Z EFP : PE 
- PE = 700-04 chains. 
To find the angle PQE in the tria^igle PQE, 

AsPE + PQ:PE-PQ;:tan. -^ PEQ + z PQE , 

z 

tan. .^^EQ— z^^_ ^^ ^ diflFerence = 33» 21' 67" 

z 

which makes the required angle PQEzi:69° 8' 27" 

The same as that observed by the theodolite. 

The other angle PEQ will be = 2^ 24' 33" 

which added to PQE = 69° 8' 27" 



gives their sum = 7V 33' 0" 
Making their supplement =108° 27' 0" 
which is also the observed angle EFQ. 

The angles have therefore been taken to the right object at 
Hampstead. The intended calculations can now be proceeded 
with. 

The following calculations were made for the purpose of 
verifying the correctness of the several angles taken at the two 
stations P and Q, by assuming the base PQ as unknown ; and 
after computing its length by means of angles taken from each 
end of it to a known base EF^ according to the problem given 
(at page 100), comparing the computed with the measured 
length of PQ, and thereby determining its correctness. 

Example.— Having the old base at Hampstead, EF, given, to 
find the new base PQ at Streatham being a practical example 
of the trigonometrical problem given at page (100). 

Let *=J+c, where ft is the angle FPQ, 88*^. 38' 20", andc 
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is the angle PQE, 69^ 8' 27'^; b+e being together equal to 
the unknown angles QEF and EFP. 
'Let EFP=a?, then QEF will be equal to s — ^x. 

In calculations of this kind^ the tables with 7 places of 
decimals should be used^ they are therefore purposely referred 
to in this example. 

Now, by Problem HL, Chap. VL, let szub+c. 
cot X = cot 8 + sin. 6. sin. d, sin. (a-^-b+c). cosec. a cosec. c. 
cosec. (b+c+d), cosec. s. 

sin. b = 88® 38' 20" = 9*9998774 

sin. d= 17M1'33" = 9-4827426 

sin {a+b+c) = 177® 35' 27" =: 8-6236120 

cosec. a z: 19® 48' 40" = 10-4699023 

•cosec. c = 69® 8' 27" = 10-0294406 

cosec. (b+e+d) = 175® 28' 20" = 11-1026903 

cosec s = 157® 46' 47" = 10-4223198 

to rad. (10 index; = 70-1305849 

— 70 



(to rad. 1,) 1-3507831 = 0-1305849 
again cot. azzcot 157® 46' 47" and being in the second quad- 
rant =— cot 22® 13' 13". 

— (log. cot 22® 13' 13") =-^ (10-388892) to rad. 10. 

subtract 10 



(to rad. l>-(2-4483819)-— 0-388892 

1 -3507838 (see above) 
—2-4483819 



(42® 30' 48"=natural cot xzz— 1-097597 1 because 

rad. cot 42° 31 '=1-0977020 5971=rgiven angle 
rad, cot 42® 30'=1 -0970609 0609=42° 30' 

6411 5362 
60 

6411 I 311720 I 48 



112 REDUCTIOT OF ANGLES. 

but cot— (42<' 30' 48")=its supplement 137^ 39' 12"=x 
and PQ=cosec. EPR sin. PEQ. cosec. PQE. sin. EFP(2:) 
viz, log. EF. 362-23 chs. = 2-5468246 
log. cosec. 19« 48' 40" = 10-4699023 
log. sin. 20 21' 33'^ = . 8-6336120 
log. cosec. 69° 8' 27" = 10-0294405 
log. sin. 137^39' 12"= 9-8284115 

the length of PQ;=log. 31-4912 ch8.= 1-4981909 
which is the same as the measured length of the base PQ. 



CHAP. IX. 

TO REDUCE ANGLES TO THE CENTRE OF STATIONS. 

In large trigonometrical surveys, as those objects, which 
from their position, are more commanding, and are furthest 
visible, are generally so situated, as to prevent the theodolite 
being placed immediately in the centre, it has been found ne- 
cessary to calculate expeditiously the angle of reduction to the 
centre^ or the difference between the angle, as taken from a 
station (S) near the centre of this object, and the angle from 
the centre. 

Suppose, for instance, you have determined the position 
of a church and tower, and taken angles to the vane of the 
church, or the pole of the tower, but on wishing to base upon 
the line connecting them a further triangulation, you find 
you cannot place your instrument at the centre of either, you 
are therefore compelled to take your angles as near to it as 
possible. This angle, thus taken, will fall either within the 
first triangle, or without, or upon one of its sides. 
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If it falls within, it will be greater than the true angle; if 
without the triangle, but within the circumscribing circle, it is 
greater ; if upon the circumference, equal ; if without it, less. 

The amount of this excess or deficiency we are now to as- 
certain. 

Let B be the true station, and S the station taken. 

1st Let S fall within the trian- 
gle ABC ; the observed angle will 
be ASC. 

In addition to this angle ASC, „ 
it will be necessary to take the 
angle at S, made between the true 
point B, and each of the two 
points A or C and to measure BS. 

To find its excess, or, to reduce it to ABC. 

Produce BS to D. 

Now Z ASD = Z ABS + Z SAB, 
and ZCSDzr ZCBS-|-Z SCB, 
.-.Z ASC= Z ABC + Z BAS+ Z BCS; 
but BC and AB, and BS are known distances, and the angle 
BSC is known also^ being the observed angle. 

Now, BC: sin. z. BSC : : BS: sin. zBCS, 

therefore Z BCS = .r^. sin. z BSC, 

and, therefore Z SAB=:?Asin. BSA, 

BA 




whenceZ ABCiz Z ASC— BS 

2nd. Let S fall upon the side AB, 
then ZABCz: ZASC 

BSC . sin 180*^^ 



sin. BSC .sin. BSA^ 



BC 



BA 



-H^ 



BA 



but 



sin. 180' 
BA 



=0 



■•.ZABC=ZASC— BS 8^°-^SC 

BC 
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3rd. Let S fall without the trian- 
gle ABC, and let E be the point 
of intersection of AS and BC. 
NowtheZ.AEC=Z. ABC+z BAS 

= / ASC + Z, BCS, therefore 

L ABC=:Z.ASC+Z.BSC— Z BAS ; 

but BCS=|^ sin. (BSA+ASC) 

BS 
and L BAS =z ^ sin. BSA. 

.-. z ABC = ^ ASC+BS (""• (BSA+ASC)_8iD. BSA.. 

BC AB 

In the case where BC and AB are infinite, each of the ex- 
pressions, where they occur, will vanish ; and Z- ABC be- 
comes equal to L ASC, which is the case when the objects 
are heavenly bodies. 

This obtains also, when the station &lls upon the circum- 
ference of the circumscribing circle. 

Measurement of the line BS. \ 

It is not always possible, however, to measure BS, or take 
^the angle CSB. 

As it is desirable that the instrument should be placed 
close to the centre of the station, the vane of the steeple, or 
the &ag pole of the tower, may be invisible from it 

When this is the case, if the centre be the 
vane of a chureh, as in the diagram, when the 
tower is square, select S in a line with the 
diagonal. Measure Sa and of, and take the 
angle CSa=CSB. 

Now, SB = Sa-|--g- and ad:= aB VY 
forarf« = ai6«+iM«=2 oB^ .-. dd=zabV2 

r.SB=Sa+^V2; 
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Again, let the tower be a hexagon. 

Produce outward two of the sides to S, where 
place the instrument ; (ebS) is an equilateral 
triangle, and SB = « BV^ 

The interior angle of a hexagon is 120^, the 
angle at e 120^, and B^ bisects it, and the ^ B eb, 
is, therefore, 60^, but the angle S eb is also 60®, being the 
supplement to the interior angle 120®, and therefore BS is 

bisected by eb, but each of its bisections = tan. 60® X 
the whole BS = tan. 60® XcJ, and, as tan. 60®= Vs 
.-.B S = ^«. V3 andz CSBzzz CSi+^. 



eb.. 



If the tower be circular, 
LCSB=LCSb+^^ 

and SB =: bS. sec. L *— or if the 

circumference of the tower can be taken 
equals S a + radius. 



.^' — N. 




PRACTICAL EXAMPLE OF CALCULATIONS ON THE REDUCTION OF 

ANGLES lO THE CENTRE. 

Example 1.— Determining the angle made at the centre of 
the spire of Highgate Chiurch, between the spire of Hampstead 
Church and St Paul's, from angles taken in the Church-yard, 
at Highgate, between the three churches of Hampstead, 
Highgate, and St Paul's. 

FIELD NOTES. 



from A s 

between A ^ St. Paul's 
at A s 



2-56 



156^ 16 
85 «» 25' 



to Highgate Spire A b 
and Highgate Church A e 
and Hampstead Church Ad 
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Let X = the unknown angle DEF. 
Now, by the preceding formula, 
z DEF + z EDS = z EFS+ l DSF. 
.-. z DEF or xz=i DSF+ / EFS-^ EDS, 

but sin. z EFS = ES. ( ""^-^ESF . 

hit 

where EF is the distance from St. Paul's 
to Highgate Church 5 

and the sin.zEDS=:ES(?l5l^^§P> 

where DE is the distance from Hampstead to Highgate Church. 

Hence the values of the angles EFS, and EDS can be ob- 
tained ; and, by adding their difference to the observed angle 
DSF, you obtain the value of the corrected angle DEF, from 
the centre of the previous point of observation. 

Before these calculations are proceeded with it will be 
necessary to determine the distances EF and DE, which are at 
present unknown, from the data given in a preceding chapter. 

In the triangle ADB (see Diagram p. 106), to find the 
distance DB. 

As sin. L ADB : AB : : sin. /. DAB : DB 

(The angle ADB is the supplement of the observed angles 
DAB and DBA). - 

DB=74-50 chs. 

In the triangle EDBy to find ED, 

Having calculated the length of DB, we have two sides and 
the included angle, BE having already obtained (See. p. 107). 

.-. As DB+BE : DB^^BE : : tan.-^ ' tan.J^^ 

tan. "^=^-1^ 30' 18" 

now because 19^41' nz^sum 
and 1^30 18" z:=|diff. 

.-, 21« 11' 18" = greater angle DEB. 
and 18« 10'42 'zz: smaller angle EDB. 
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Agatn^ in the same triangle ^ to find ED, 

As sin. /, EDB : EB : : sin. Z EBD : ED 
ED = 125-36 chs. 
Now substitute their proper values in the two equations, viz., 

sin. z EFS=:ES ( 'IBi^j^). 

and sin. z EDS=ES. (-55l^=^§?), thus :- 

log. sin. z EFS = log. ES+log. sin. z. ESF-log.EF, 
and log. sin. z. EDS =3 log. ES+log. sin. z ESD— log.DE, 
log. ES,;;2-66 chs. • = 0-4082400 

+log. sin. z ESF, (166° 16') = 9-6030166 

10-0112566 
— log.EF, — 2-5468246 

log. sin. Z. EPS (0^ 10' 1") = 7-4644320 

again log. ES 2-56 = 0-4082400 

+log. sin. z ESD (70^ 51') = 9-9755394 

10-3837794 
—log. DE, 125-36 chains =: 20981630 

log. sin. EDS (1^ 6' 22") = 8-2856159 

but z DEF or j?= z DSF+(z. EFS— z EDS) 

aEFS=iO^ 10' 1" 
subtract zEDS= 1^ 6' 22" 

their difference = —56' 21" 

.•.^DEF= 85^25"+(-56' 51")=(84^ 28' 39')=* 
which is the angle at the spire of Highgate Church, between 
Hampstead Church and St. Paul's. 

Example 2. — Having measured the distances between two 
objects AB 2 miles, 6 furlongs, and taken the angles at the 
base line, to a third object, viz., 59o 25' 40", and 78° 24' 20". 
It was required to observe the remaining angle at the third 
station, as a check upon the other two angles ; planted the 
theodolite at a distance of 3 chains from it, and found one of 
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the angles 80^. What must the other be^ so that the previous 
observation should be correct? Ans. 42® 3' 25". 



CHAP. X. 

ON TRIANGULATION. 

In extensive surveys, carried on by a continued system of tri- 
angulation, the most important part is the proper selection of a 
base line^ proportionate to the intended extent of the survey. 
This base line should be measured on a nearly level surface 
of coimtry. In hilly countries the plane of a valley must be 
selected for that purpose. 

Let AB be the base, measured in 
a valley, and CD, two prominent 
objects, on opposite hills, whichi 
are visible from A and B. 

Take at C, the angles ACD, 
BCD ; and at D, the angles ADC, 
BDC ; and the stations, C and D, 
are determined, by the formulae 
given in Chap. VI.,Prob.I. DC thus 
becomes a new base lincj of longer extent and equal accuracy 
with AB ; or, by taking at A and B, when B is visible from A, 
the an^es between the base, and C and D respectively ; C and 
D can be more directly and more accurately determined, as in 
cither triangle its length will be the same. The three angles 
would, in fdl cases, be taken, if practicable, as from their sum^ 
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which should be equal to 180 degrees^ the accuracy of the work 
can be tested 

The sides of the triangle should be^ as nearly equilateral 
as possible, or the angle at the new station^ should not dififSer, 
materially, from 90 d^ees. All the sides should be calculated 
and plotted from their determined lengths, and not protracted 
from then* angles, as the smallest error of an angle would be 
of injurious eflfect, in determining the position of the new 

stations. 

The accompanying diagram will exhibit the Qiethod of ex- 
tending a system of triangulation, and of obtaining, between 
inaccessible stations, a base line, commensurate with the 
extent of the survey. 



-'^l: 




Let GH be the base line required, and inaccessible; AB, 
the only favourable base line that can be measured. 

By^determming from AB the position of C and D, CD 
becomes a new base ; from CD determine E and F, EF again 
becomes a new base for the stations G and H, by which means 
the line GH, by observing the angles EHF and EGF, and 
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comparing their calculated with their observed values, becomes 
a base, as much to be depended upon as the first AB. 

It is not, of course, necessary that the triangulation should 
be carried on in the regular manner, exhibited in the figure, 
as it might be branched off in any direction that may be re- 
quired ; for after having, from CD, determined E and F, CF 
might be taken as the new base, as correctly as DC, and the 
triangulation extended towards K ; or, DF being taken as the 
base, it might be extended towards L ; and by a similar pro- 
cess, in any other direction whatever. 

Having carried the triangulation in the direction, and to the 
extent required, it becomes desirable, for the sake of testing 
the accuracy of the work, to make one of the lines, of the last 
triangles, a base of verification^ by selecting for it a level posi- 
tion, along the slope of a hill, or in the bottom of a valley. 
This base, as it can be computed trigonometrically, being com- 
pared with its actual length by measurement, is a test, not 
only of its own accuracy, but of all the various triangles that 
subserve to its determination. 

As the triangulation goes on, the sides increase in length, 
and the angles taken are between objects of some miles distant. 
It becomes then imperative to call in the aid of science to 
make the objects distinct For this purpose, various con- 
trivances have been, at different times, adopted, such as plane 
mirrors, disks of tin, plane convex lenses, parabolic reflectors, 
to receive the rays of artificial light, that were thrown upon 
them, by means of Argand lights, balls of burning lime, 
&c. These latter were introduced by Captain Drummond, 
who managed to send through a flame of alcohol, a powerful 
stream of oxygen gas, upon the lime, which was placed in the 
focus of a parabolic reflector. 

By these means, angles have been taken to objects from 40 
to 60 miles off. 
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CHAP. XL 

REDUCTION OF A BASE LINE, TO THE LEVEL OF THE SEA. 

(It is only in very large trigonometrical surveys that this reduction 
is necessary.) 

Let CD be the length of the line at the level of the 
sea =r x, AB, (L) the measured line above it Let AC be 
the height of the measured line above 
the level of the seazzA^ and CO be 
the radius of the earth = R, It is re- 
quired to find the length of CD. 

Because the arcs of difierent circles, 
subtending the same angle, are pro- 
portional to their radii, we have, 

AO : CO : : AB : CD, or 
R-f-A : R :: L : a: 

•'• ^^^Ti — 7L. ; and .*. 'L^x= L — =r — -.L=:*r — -.L 
R+h R+A K+h 

Or the excess of any line AB, measured above the level of the 
sea, is equal to the length of the line, into its height above 
that level, divided by its distance from the centre of the earth. 
Now the radius of the earth is 21,008,000 feet, therefore 
log. L in feet + log. h in feet— log. (2 1,008,000+ A) in feet 
zr log. excess of measured base above the true base at the level 
of the sea. This base is the arc CD. Where the triangulation 
is of some extent— as the distances thus obtained must be con- 
sidered arcs of the circumference of the earth, the lengths of 
which would vary according to their radii or distances from the 
earth's centre, — these radii have to be brought down to the 
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mean radius or level of the sea, and the distances reduced 
accordingly. The heights of the measured lines above that 
level are determined by the mountain barometer. 



CHAP. XII. 



OBLIQUE ANGLES. 

ffhen angles have been taken by the Sextant they are taken in an 
oblique plane — before they can be used in calculation they must be 
reduced to the horizontal plane. 

Let DAE, the angle taken at the ^ 
point A, between the objects D and 
E, be in a plane, inclined to the 
horizon. Let BAG Tje the hori- 
zontal plane, and Z the zenith of 
the observer at A, then AZEC, 
AZDB will be portions of planes, 
of large circles, passing through ^ 
the radius AZ, and the horizontal anglQ will be BAG. 

Let G AE be the angle of elevation of the station E, and 
DAB that of D, of which EG and DB are the measures; ZE 
and ZD are the zenith distances, or measures of the comple- 
ments of these angles of elevation ; and DE is the measure 
of the observed angle DAE, as given by the Sextant, 
GB being its true measure. The angle BAG is the measure of 
the angle Z, or the plane angle made between the two planes. 

In the triangle ZDE, there are ZE, ZD, and DE given, hence 

the sinei BAG orjDZE^ V»'°- * ^^t'^R ^!"- j [f ~^^^ 

am. ZE sin. ZD 
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S^ being the sum of the sides of the triangle ZED ; or sin. | Z 
_ sin. |(DAE-hBAD---CAE).sin. -^(DAE+C AE-BA D) 
^ cosine BAD. cosine CA£ 

If the angle BAD = angle CAE, or the objects be of the 
same altitude^ then, 

. ,^_ ysin-^i DAE_sin. iDAE 
sin.iZ-^ ^^ , CAfi COS. CAE 

In the first case, when the angles of elevation differ slightly, 
and when each of them is but small, not exceeding 2<) or 3^, 
as the cosines of angles vary slowly, the following formula 

may be safely adopted, viz., sin. |Z = ^« — -., where H 

and A are the respective angles of elevation, which becomes a 
convenient logarithmic formula, viz., 

log. sin. i Z=10+ log.sin. \ DAE— log. cos. \ (H+A> 



Spherical Excess* 

The angles taken between any three points on the surface 
of the earth, by a theodolite, are, strictly speaking, spherical 
angles, and their sum must exceed ISO"* ; and the lines bounds 
ing them, are not the chords, as they should be, but the tan- 
gents to the earth. 

This excess is inappreciable in common cases, but in the 
larger triangles it becomes necessary to allow for it, and to 
diminish each of the angles of the observed triangle, by one 
third of the spherical excess. 

To calculate this excess. 

Divide the area of the triangle in feet, by the radius of the 

earth in seconds, and the quotient is the excess, viz., 

Area in feet 

excess = _ , . — , 

Bad. m seconds 

because the radius = as above, 21,008,000 feet, and one second 

of space = 101-43 feet, then (101-43 feet)« = the area in a 

square second, and radius = 206, 264 seconds of space 
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.-. excess in seconds - area in square feet 

— (101 -43) « X 206264 
log. excesszilog. area — 9*3267737. 

When two sides and the included angle are given, 

cot i p^n.o« - <^ot. i «-cot i^+cot C. 

cos. C. 
When the three sides are given, 

tan. I excess = (tan> a+^+c)^ {tsxua±b^ 
^ 4 4 

- / tan, a — b+ c. ^ .tan. fi-fc— a) 
^ 4 ^ ^ 4 

jH? allow for this excess. 

In any triangle take the three angles, find their sum. Calcu- 
late from these angles the spherical excess, by the above rule ; 
the sum of the angles taken should amount to 180^ + this 
spherical excess ; if not, the difference must be divided among 
the three observed angles, so as to make them, when thus cor- 
rected, equal to 180° + the excess ; then subtract one third 
this excess from each of the angles, and their sum will be 
reduced to 180° , the correct measure of a plane triangle. 






<w 
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St?-t'iilfield6' (, 'ircum^erentor. 
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CHAP. I. 

THE CIRCUMFERENTOR. 

The Circumferentor is the mariner's cotnpass differently 
divided, and furnished with sights, standing upon one or three 
legs, and capable of a horizontal motion, by means of the 
usual parallel plates,, or a ball and socket. In new countries, 
where expedition' is required, the Circumferentor is generally 
used with a ball and socket, and with' one leg or Staff, strongly 
shoed with iron. After taking the angle at any station, the 
head part is taken off, and is carried by the surveyor under 
his arm, the staff is seized in his hand, and the next station is 
proceeded to. The mould of the woods is soft, and easily 
penetrated; and as, for the purpose of blazing the trees 
(which, in American phraseology, means taking a slice off the 
bark of a tree, just cutting into thewood) the general direction 
alone is wanted, which may be blazed within 10 yards on 
either side of the line, there is no delay arising from the 
placing of flags and driving of stal^e^ the axemen, being 
generally in advance or close upon the. heels of the surveyor, 
and the chain men overtaking him, before he has taken his 
next sight. 



126 LAND SUBVEYINO. 

All the LINE treesy as trees are termed, which stand directly 
in the line, in addition to being blazed, are witnessed with three 
notches, and being marked where the line strikes them, become 
permanent boundary marks^of so permanent and distinctive 
a character, that the very year almost of their being blazed is 
distinguishable by an experienced eye. The scar seldom 
grows over entirely : never without a seam, which, if careftdly 
cut, will, by the number of rings, that every year has added to 
it, show the exact year of the incision. 

The three legged staff, however, is very useful; especially 
in old countries, or in the surveying of roads in frosty weather, 
and under various other circumstances, when the single staff 
cannot penetrate, or when walls intervene, upon which the 
short legs of the staff can be advantageously placed. 



StreaffielcTs Circumferentor. 

This instrument consists of a compass box (G) ; divided 
into degrees, and, by means of a vernier, subdivided into 
three minutep. 

It stands upon three legs, and, by means of a pair of parallel 
plates (KA), is capable of a truly horizontal position, which is 
determined by a level, placed, so as not to interfere with the 
reading, under the compass box (the end of it alone can be 
seen in the accompanying plate at B). 

This compass box (G), has an absolute horizontal motion 
round its centering at D, and is fastened by the clamp screw 
(a side of which is visible) at p. 

When this is clamped, by detaching the pin /, which passes 
through the two plates of the compass box, the brass one, 
which, with the vernier attached, works round the inner one, 
on which are divided the degrees, is capable of a relative 
motion, and thus partakes of the character of the theodolite ; 
this motion is communicated to it by a rack and pinion at R. 

There is, however, one thing wanting in this instrument. 
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which is indispensable in a new countxy. There is no means 
of clamping the vernier, except when it is at zero of the 
dividing-plate. In rmining lines, of a given direction, through 
the woods of a new country, where the bearings are often odd 
minutes, it would be impossible, at every fresh station, to be 
altering the vernier. 

In the circumferentors that are used in America, they have 
placed the vernier outside, and by that means have contrived 
to clamp it in any position ; there is also a tangentnscrew for 
fine adjustment, so that being properly adjusted for the odd 
minutes, or the variation of any kind, and clamped, the bearing 
of the full number of degrees need alone be referred to through- 
out the whole line. None but a practical man can be aware of 
the immense advantages resulting from this arrangement 

YY are two frames, or supports, capable of being taken on 
and off, on the Y's of which rests the arm {Ss) of a telescope, 
so contrived, as to move in a truly vertical position, when the 
instrument is horizontal The telescope has its usual adjust- 
ments for the object and eye-glasses, and for the line of colli- 
mation. 

To one end of the cross piece of the telescope is attached a 
graduated arc of a circle, with a vernier fastened to the sup- 
ports of the Y, for taking vertical angles. This instrument 
has also, in addition to the telescope (not shown in the plate), 
the usual pair of sights, whose position would be, in the 
meridian line of the instrument, in the same plane as the 
^ telescope moves in. 

The introduction of the telescope was forced upon me, from 
the constant inconvenience I experienced in the back woods of 
America (where I was engaged in government surveys), from 
the almost uselessness of the common sights, in surveying up 
and down hills, across steep but narrow vallies; all these 
difficulties were remedied by this contrivance, the advantages 
which I have tested practically in the woods. The telescope is 
capable of a vertical motion either way of 45 degrees, and 



128 LAND SURVEYING. 

moving, truly vertically, enables you to carry a line of a 
given direction either down or up a hill, and from its magnify- 
ing power 'to secure, at the same time, a check position at 
the top of the ascent beyond ; so that, after having descended 
and ascended, you may prove your correctness. 

The instrument, also, has other contrivances; the pin F, 
when taken out, allows the whole instrument to be turned 
upon its side, and the spirit level at B, being then in a 
horizontal position, the instrument is made capable of a vertical 
motion, reading off to three minutes, by means of the vernier. 

This may sometimes become a fair substitute for a sextant 
on a clear night ; though I should myself, in all cases, prefer 
each instrument being kept to its especial purposes, as, the 
more simple an instrument is, the more accurate. 



Division of the Circumferentor. 

The line of sights is made the north and south end of the 
instrument, and from each of these the circular rim is graduated 
toward the east and west points, from 0° to 90°, the west being 
on the right and the east on the left, looking northwards. 

When the needle is released, and is allowed to play freely, 
it points towards the magnetic north. The north of the 
instrument points to the object whose bearing is required, 
the angle made between these two must necessarily give the 
relative position of the line of the object, and the magnetic 
north and south line; and the bearing of the object, by 
reading off the number of degrees to which the needle 
points on the graduated circular rim, is thus obtained* 

As the needle points to the north, should the object bear to 
the west, the line of sights would be on the left of the needle, 
and the north end of the needle would be on the right of the 
line of sights ; if, therefore, on the right of the instrumental 
north, looking northwards, were marked east, the needle, 
which should at once, with the number of degrees, read off 
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the bearing, would give east, but the bearing is west But i^ 
as was shown above, it was marked west, the needle would read 
west, that is, north so many degrees west By this arrangement 
the needle gives at once thedegrees and bearing. 

As the accuracy of the bearing depends, in a considerable 
degree, upon the goodness of the needle, great care should be 
observed in using it, and in marking whether it contmues 
vibrating, or soon settles. 

In the latter case there is some radical defect, arising either 
from the diminution of magnetic power in the needle, or from 
the wearing away of the centre on which it plays ; this must 
be corrected immediately. 

A really good needle is actually wearisome in its tardiness to 
settle. 



Definitions. 

Meridian lines are due north or south lines, and strictly 
considered, are arcs of large circles of the earth meeting at the 
poles ; these arcs, however, are subtended by so small an angle, 
and are so infinitely small in comparison of the whole circle, 
as to admit of their being assumed as parallel. 

The distance of a line is its horizontal measurement, as a 
tangent to ,the earth, not following the surface of the ground, 
and is usually calculated in chains and links. 

The angle of bearing of any Une, is the angle of bearing made 
between that line and a meridian line running through the 
point, where the instrument is placed ; and is measured always 
from north or south, eastward or westward. 

The reverse bearing of a line, is merely the bearing taken in 
a contrary direction, but measured by the same angle. 

Difference cf latitude, or northing and southiiig, is the distance 
that the end of the line is further north or south than the be- 
ginning. 
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The difference of longitude^ or departure^ is the distance, that 
the end of the line is east or west from the beginning. 

The meridian distance of any station, is the distance of that 
station from the meridian line passing through the first or any 
other assumed point, and is equal to the difference between the 
sum9 of the eastings and westings from that point; and is east 
or west, as the eastings or westings predominate. 



THE TSAYBRSE TABLE. 

Is a table giving the latitudes and departures to any distance 
and bearing, to the extent of the number of minutes to which 
it may be calculated. 

The tables, which are appended to the present work, are 
calculated to every three minutes of the quadrant, and to every 
number from to 10, from 10 to 100, &c. They have been 
prepared upon the following principle : . 

The whole northing or southing of a line, of any bearing, is 
equal to the sum of the northings and southings of any number 
of lines of the same bearing, when the sum of the several 
distances is equal to the one distance of the whole line. 

Let AE be a line, hav- 
ing any bearing whatever, 
through E draw the meri- 
dian line EL ; and, from A, 
draw AL perpendicular to 
EL. AL is the departure, 
and EL is the latitude of the 
line AE. 

Now, divide AE into AB,*^'' 
BC, CD, DE, and through B, C, D, draw the several meridian 
lines, Bw, CA, De, and BA, Ce, D/, at right angles to them. 

Bm, CA, De, E/; are the latitudes of the several parts of the 
line AE, and are together equal to EL, that is, the sum of the 
northings of the parts is equal to the one northing of the whole. 




THE TRAVEBSE TABLE. 131 

And, in the same way. Am, BA, C*, D/J the sum of the 
eastmgfl, are together equal to AL, the one easting of the whole 
line AE. 

Again, if AEbe a multiple of AB, (by similar triangles), AL 
is the same multiple of Am, and EL is the same multiple of 
Bm, being but sines and cosines of similar arcs to different 
radii. 

KBm, therefore, be the northing of a line, whose distance 
is AB, or one chain, then the northing c^a line AE, which is 
ten times AB, or 10 chains, is LE, or ten times Bm. 

This being premised, the understanding of the tables of la- 
titudes and departures, or traverse table, becomes very simple. 
ExAHFiiE. — Let it be required to find the latitude and de- 
parture of a line bearing north 4"" 3' east, and 15 chains 25 
links long. 

Look in the margin of the pages for the degrees, and down 
the column on the left hand for the minutes, then on the same 
line, colaterally which the three minutes, will be foimd the 
latitude and departure for any number of links or chains. 

Take the latitude first — For the 15 chains, look 
out in the tables for the latitude of 1*00 chains =: '998 

multiply by 10 

and you have 9*98 

the latitude of 5*00 chains =: 4*99 

For the 25 links, look out in the latter for the 
latitude of 2-00 chains = 1 -99 

divide by 10 

(because each 10 links are one tenth of a chain) 

and you have 0*19 

the latitude of 5-00 chains = 4*99 
divide by 100 

(each link being one hundreth of the chain) =r 0*05 

Add them together, and you obtain, as the one 

northing of the whole line ; 1 5 '2 1 

Or, by supposing the number at the top of the page not to be 

confined to 1 chain, 2 chains, &c., for it is not necessary that 
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they should be so limited^ but to be 1 chain or 10 chains, 2 or 
20> 3 or 30 chains, &c. ; or 10 links or 1 link, 20 or 2 links, 
30 or 3 links, &c., a more expeditious method is used, in ob* 
taining the same results. 

To find the latitude of 15*25 chains to the angle of bearing of 
4 degrees 3 minutes. 

Look in the tables as before, and for one chain you find 
0-998, that ^is some decimal less than 1 ; instead of 1 chain, 
let this be 10 chains, then the northing becomes 9*98, or some 
decimal less than 10 chains ; therefore the latitude. 

of 10 chains =r 9*98 

of 5 chains zz 4*98 

14*96 
Of 20 links, by looking in the tables under the head of 2, 
you find 1*99, that is, as before, some decimal less than 2. 
This may be 20 as well as 2, and 20 chains or 20 links indif- 
ferently. The latitude, therefore, of 15 chs. = 14*960 

of 20 links = 0*199 

of 5 links =z 0*50 



the total of which is as before. 15*21 

which is the latitude for 15 chains 25 links, at a bearing of 4 
degrees and 3 minutes. 

This is north latitude, because the given bearing is north. 

To find the Eastings or Westings 

Look in the same place as before, under the head of 
degrees, and you will find that, at a bearing of 4 degrees, 3 mi- 
nutes, the departure of 1 chain zz 071 
and (by the first method) by multiplying by 10 

the departure of chains =z 0*710 

of 5 chains =: 0*353 

of 2 chains = 0*141, dividing by 10 = 0*014 

of 5 chains = 0-353, dividing by 100 zz: 0*003 

total, east departure, 1*080 
which is the required departure of the whole line. 
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Examples. — Required the differttQce of latitude and departure 
of aline^ which bears south 16 degrees 30 minutes east, 3 chains 
47 links. Ans. 3*33 south lat ; 0*98 east dep. 

Given a line, bearing north 13 degrees 30 minutes west, and 
6 chains 10 links long, to find the latitude and departure. 

Ans. 5*93 north lat ; 1*42 west dep. 

What are the latitude and the departure of a line bearing 
north 41 degrees 9 minutes east, 4 chains 47 links? 

Ans. 3*36 north lat ; 2*95 east dep. 

A line bears north 22 degrees 45 minutes west, 27 chains 62 
links, required its latitude and departure. 

Ans. 25*47 north lat ; 10*68 west dep. 

These tables are found to be extremely useful ; they enable 
you quickly to test the accuracy of the survey of a large extent 
of country ; for, as the given distances and bearings are all 
capable of being resolved into their respective latitudes and 
departures, and as you cannot, from any point, go northwards 
without (to return to that point) coming back the same dis- 
tance southward, nor any distance eastward, without remea- 
suring westward the same distance back, it follows, that, in 
going completely round a tract of coimtry, the sum of the 
northings must be equal to the sum of the southings, and the 
sum of the eastings to that of the westings. 

To find the hearing of a line. 

Plant the instrument over one end of it, level it, set the 
needle free, then turn the sights towards the other end, taking 
care to look through the south sight The angle denoted by 
the north end of the needle , when it has ceased playing, will 
be the angle of bearing. In case of its being requisite to look 
through the north sight, still read off by the noHh end of the 
needle, but insert the r^^er^e bearing; as it seldom happens that 
both ends of the needle read alike, it is not safe to read by 
them indifferently. 
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Should the needle not point to a full degree^ set it to the 
next lower; this will remove the sights from the object: 
clamp the instrument; release the upper plate^ and by means 
of the rack and pmion, as in the Theodolite, bring the sights 
to cover ; this small angle of minutes will be given on the ver- 
nier, — There will be no occasion to repeat the mode of doing 
this, as it has been fully explained in the theodolite* 

The vernier of the circumferentor and the vertical one of 
the theodolite are upon the same principle. 

Having taken the angle, the two plates must again be brought 
to the proper position, by making the broad arrow of the ver- 
nier coincide with the 360® , where the connecting pin keeps 
them, till they are again required to be separated The 
needle must be fixed « and the whole instrument clamped. 
It might not, perhaps, be out of place to observe here, that 
the kind of surveying required in a new country, as Australia 
or New Zealend^ is directly the reverse of that which must 
be in use here. Here a representation is, in mo^ cases, 
wanted on paper, of actual boundaries of properties in the 
field : there, various lines, or certain positions, are to be marked 
down upon the ground. Here, the course of the hedge of a 
field is required: there, linefeihave to be run of given courses. 
The circumferentor, as constructed in this country, answers 
exceedingly well for the nature of the country it is generally 
used for here ; but, when wanted to run a particular course, the 
objection, I have before mentioned, holds specially against it. 

Having measured the distance to the next station, before 
taking the forward angle of the second line, take carefully the 
reverse bearing of the first, this will verify the last forward 
bearing, as the two should be the same ; it also prevents, in a 
great measure, the probability of the needle being acted upon, 
without detection, by any magnetic substance in the neighbour- 
hood; and I would especially recommend the young beginner 
invariably to adopt it. It is anything but a loss of time, and 
no survey can be depended upon without it. 



YABIATION. 
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Before proceedingy it were better here to observe, that the 
magnetic meridian may not be the true meridian. The pole- 
star is not exactly at the pole ; the needle seldom points either 
to the one or the other ; two needles seldom point exactly the 
same way; and the same needle seldom points exactly the 
same way two years together. There are, therefore, two or 
three kinds of variation. The variation of the needle, strictly 
so termed, is the angle made between the magnetic north and 
the true north, and the variation is called east or west, accord- 
ing as the magnetic north is on the east or west side of the 
true north. 

The measure of this angle, or 'the variation, is different in 
different countries, at the same time; and in the same 
country at different times. 

Given AB, S. 74° W. variation 3® East; required the true 
bearing. 
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AB bears south 74 degrees west ; draw any line AB (see 
diagram). At A lay off an angle of 74 degrees, this will give 
you the meridian line, which reversed will give the magnetic 
north. This needle is however 3 degrees east of the true north; 
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the true norths is therefore, 3 degrees west of it, lay off an ang^e 
of 3 degrees to the west and produce it southwards. 

This line being on the left of the magnetic meridian in the 
northern hemisphere, will be on the right in the southern, and 
the angle of true bearing will consequently be the angle of 
magnetic bearing, plus the variation, viz. 74+3=77 ; that is, 
S. 77^ W. 

2. Given AB, N. 85^ 17' W.; variation 24^ W., required 
the true bearing, Ans. South 70° 43' W. 

In the same manner may be determined the angle between 
any two lines when their bearings are given. In the first 
example, if the variation be 3 degrees east, the bearing of the 
true north by that needle will be N. 3** W., and by the same 
needle the bearing of the other line is S. 74° W,, the angle be- 
tween them is required. This is a special case, but the general 
principle is the same in all. 

The best practical method therefore, in every case, is to draw 
a north and 3outh line, and jBrom the same point, lay off the 
two lines in their given directions in relation to it; their posi- 
tion will at once shew the angle between them. 



CHAP. II. 

MODE OF SURVEYING WITH THE CIRCUMFERENTOR. 

This instrument is very useful in obtaining approximately the 
shape and contents of any large irregular block of land ; in 
the surveying of woods and lakes ; in running boundary lines 
through forests in new countries, where the property is not 
sufficiently valuable to pay for any great accuracy. 

This instrument, also, might, in good hands be of invaluable 
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assistance upon a railway survey for parliamentary deposit. 
It is very expeditious^ and though never perfectly correct, is 
seldom far wrong. 

Place flags* at each of the comers of the block you are re- 
quired to survey, and take the several bearings of each, from 
A to B, from B to C, &c., and measure AB, BC, CD, taking 
the necessary ofisets upon each. 

Observe, it is not necessary for any purpose of this kind, to 
know the magnetic variation, as whatever be the variation, 
all the lines of the survey will still lie in their relative positions 
to each other, and the area will not be changed. 

For fear, however, of any local attraction, or any accidental 
mis-reading of an angle, it will be at all times indispensable 
when you get to B, to take the backward or reverse reading 
to A, and compare it with the forward bearing. The same 
must be done with every line. 

It must be mentioned here, that the usual check upon the 
interior angles of any rectilineal figure will not hold good, as 
the sum of the interior angles of any figure obtained from the 
bearings of its sides, whether those angles have been taken cor- 
rectly or not, will always amount to 4 less than twice as many 
angles as the figure has sides. Some other check, therefore, 
must be adopted. The principle referred to in the remarks at 
the end of the chapter on the traverse table will now be found 
usefiil. 

Resolve the latitudes and departures into their northings and 
southings, and eastings and westings, by the traverse table, 
then add the northings together, and the southings, and see if 
they agree, do the same with the eastings and westings. 
Should these be found to agree within a certain limit, the field 
work is correct, and you may proceed to plot the figure or 
calculate the area by the traverse table. 

This allowable error should not exceed one link to every five 
chains of the sum total of distances. Beyond this a resurvey 
becomes necessary. 
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EzAMPLB 1. — Given the following bearings and distances^ 
viz., No. 1. S. 16° 30' E., 3 chains 47 links; 2d. S. 45° E., 
4 chains 50 links; 3d. S. 26° E., 5 chains 51 links; 4th- 
S. 31° 30' E., 7 chains 34 links; 5th. S. 5° 20' E., 10 chains 
55 links; 6th. S. 15*^ E., 5 chains 9 links; 7th. N. 18° W., 
4 chains 3 links; 8th. N. 13° 30' K, 4 chains 70 links; 9th. 
N. 45° 30' W., 6 chains 50 links ; 10th. N. 64<=> 45' W., 
7 chains 34 links; and lltL N. 4« 19' W., 17 chains 11 links 
to the place of beginning, to find their northings and south- 
ings, and eastings and westings, and never determine their 
correctness. 



Stations. 


Bearings. 


Distances. 


Latitude. 


Departure. 


N. 


S. 


E. 


' W. 






Chains. 










1 


S. 16°30'E. 


3-47 




3-33 


0-99 




2 


S. 45° E. 


4-50 




3-18 


3-18. 




3 


S. 26° E. 


5-51 




4-95 


2-41 




4 


S. 31° 30' E. 


7-34 




6-26 


8-83 




5 


S. 5°20'E. 


10-55 




10-51 


0-98 




6 


S. 15° O'E 


509 




4-92 


1-32 




7 


N. 18° W. 


403 


3-83 






1-25 


8 


X. 13°30'E. 


4-70 


4-57 




1-10 




9 


N. 45° 30' W. 


6-50 


4*56 






4.63 


10 


N. 64° 45' W. 


7-34 


313 






6.64 


11 


N. 4°19'W. 


1711 


1706 






1-29 


76-14 


3315 


3315 


13-81 


13-81 



The northings being the same as the southings ; the east- 
ings the same as the westings. 

It is seldom, however, that they agree so exactly, as has 
been given in this example. As the sum total of the distances 
amoimts to 76 chains 14 links, there would have been an allow- 
able difference of 15 links (i. e. of one link in every five chains), 
between the northings and southings, and the eastings and 
westings. 
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In example 2 (see Below) where a diflference is found between 
both northings and southings, and eastings and westings, the 
error, if it does not exceed one link in every five chains 
of the sum total of distances, must be apportioned among each 
of the distances, by the following proportion ; viz., as the sum 
total of the distances is the whole error, so is each distance 
to its correction. 

This must be done for the latitudes and departures, and 
must be placed in a column appropriated to each, called the 
north and south correction, and the east and west correction; 
the correction, thus determined, must be placed, collaterally 
with the distance to which it refers, without distinguishing as 
to north, or south, east or west 

In making this proportion, the links of the distances need 
not be taken into account, and frequently, as an approximation 
is sufficient, the apportionment may be made without reference 
to calculation. 

Having found the several corrections for each of the lati- 
tudes and departures, add them together severally, and see 
whether their total agrees with the whole error; then draw 
four other columns, heading them, corrected northings, south- 
ings, eastings, westings, and proceed to allot the corrections. 

If the error be an excess of northings, substract each cor- 
rection from its collateral northing, or add it to the collateral 
southing; if an excess of easting, add to the westing, and 
subtract from the easting; the respective sums of their corrected 
latitudes and departures will now be found exactly to agree. 

Example. 2.— Given the following bearings and distances; 
viz., No. 1. N. 64^ 20' E., 18 chains 30 Unks ; 2d. N. 68^ 42' E., 
' 8 chains 29 links ; 3d. N. 3° 45' W., 4 chains 99 links ; 4th. 
N. 76® E., 14 chains 50 links; 5th. S. 28^ 15' K, 7 chains 40 
links; 6th. S. 72° W., 24 chains 33 links; and 7th. S. 73°54' W., 
18 chains 90 links to the place of beginning. It is required 
to find their northings and southings, eastings and westings, and 
^portion the corrections for any excess of the same, if found to 
exist, among, them severally, according to the rule as given above. 
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CORRECTION FOR ALLOWABLE ERROR. 
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CHAP. III. 

ERRORS OR OMISSIONS OF SURVEY. 

As it is necessary, for the correction of any errors, or supply- 
ing any omissions of survey, when any two of the following 
data, viz., bearing, distance, difference of latitude, and of de- 
parture are given, to understand the method of determining 
the other two ; we will first briefly say a few words on the 
subject. 




Any two of the above data being giveriy to ^stermine^i 

'■■"-»' 

Let AB be the distance of the 
given line; DAB or ABC is the 
angle of bearing ; then AD or CB 
is the difference of latitude, and 
AC or DB is the departure; but 
BC is the cosine of the angle DAB, 
which is the angle of bearing ; and 
AC or DB, is the sine also, of the 
same angle of bearing; therefore, the latitude, departure, a^ 
distance, are respectively the cosine, sine, and radius .j0^ a 
circle, whose arc is measured by the angle of bearing. 

By the rules for the cases of right-angled triangles,, given 
in any work on Trigonometry, having two terms given, the 
rest can be found. 

Example 1.~A line bears N. 45^ E., 3]L chains 40 links ; 

required its difference of latitude and departure. ^ ~ ^ -^ 

As sin. 90^ or rad. : 31-41 chs. :: sin. 45° : 22-20 chs. 
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.% 22-20 chs = diff. of latitude, but sine 45*^ = cos. 45°, 
.*. departure = latitude = 22*20 chains. 

Example 2. — ^The difference of latitude of a line was 
4 chains 40 links N. ; the departure was 25° W.; required 
the distance of the line. 

Ans. 25*57 chains. 

Example 3. — A line bears N. 72° W. ; its departure is 
24 chains 58 links : what is its length ? 

Ans. 25*84 chains. 

Example 4. — A line is 38 chains 45 links in length, and 
its departure is 14 chains W. ; what is its angle of bearing, 
the same being between the north and west? 

As 38*45 chains : rad. : : 14 chains : sin. z of bearing. 

.*. sin. Z of bearing = 21«> 20'. Ans. N. 21*> 20' W. 



FIRST OMISSION. 

When the length and bearing of any one line are omitted. 

Rule. — Add up the northings and southings, and subtract 
them for the northing or southing of the unknown line ; do 
the same with the eastings or westings to obtain its departure ; 
then, by the preceding note, having the departure and latitude 
of a line given, the distance and bearing can be determined* 
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Bearings. 


Distances. 


North 
Latitude. 


South 
Latitude. 


East 
Departure. 


West 
Latitude. 


S. 49^30' E. 
S. 73° E. 
N. 6° 15' E. 
S. W. 

sficiency of S 


Chaiui. 

7-55 

8-82 

15-41 


15-32 


4-91 
2-58 


5-74 
8*43 
1-68 




outhing. 


15-32 
7-49 


7-49 


15-85 


Deficiency 
of Westing. 


7-83 


15-85 



OF aURVKY. 
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Now, AC, the westing or base of the right-angled triangle, 
being given, 15 chains 85 links ; and BC the southing or per- 
pendicular, being 7 chains 
83 links ; the angle ABC, or 
the bearing of the line AB, 
and its distance, which are 
required, can be determined 
by the rules of the cases of 
right-angled triangles. 

Thus : take AC as radius, and describe the circle CD ; 
then CB becomes the tangent to angle BAC, and AB is the 
secant of the same angle; then say — 

As 15-85 : radius : z 7*83 : tan. Z. BAC=26« 17'. 
Also, as radius : 16*85 : : sec. /^A : AB=17*65 chains, 
but the angle of bearing=:90°— A BAC=90°— 26° 17'=63°45'. 

Ans. S. 63*^ 45' W. 

Examples. 

1.^ Given the foUowing bearings and distances of an old 
waggon road, through a new settlement, running &(»n one 
concession road to another, viz., — 1st N. 78 ^^ E., 2*20 chains; 
2nd. N. 45° 30' E., 14-80 chains; 3rd. K 16^ W., 21-75 
chains; 4th. N. 68^ 20' E., 13*90 chains; 5th. N. 10° W., 
15-60 chains ; 6th. N. 70<> E., 8*96 chains. It is required 
to lay out a new straight road, connecting the two ends of the 
present road. What will be its bearing and distance? 

An& S. 24° 38' W., 60-82 chains. 

2«^ Given the boundaries of a tract of land, as follows, 
viz.:-lst S. 16^ 30' E., 347 chakw; 2nd. S. 17° E., 3-02 
chains; 3rd. & 26° E., 5-51 chains; 4tb. S. 31*^30' E., 7*34 
chains; 5th. S. 5° 20' E., 10-55 chains; 6th. S. 15«^ E., 5-09 
chains; 7th. S. 8« W., 4-03 chains; 8th. S. 3^ 30' E., 4-70 
chains; 9th. S. 45° 30' W., 6-50 chains ; 10th. S. 64° 45' W., 
7*34 chains; llth. to the place of beginning. Required the 
bearing and distance of this eleventh line. 

Ans. N. 10 21' E., 49 chains 18 links. 
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SECOND OMISSION. 

When the distance of two sides cannot he obtained. 

Rule 1.— Find, by the preceding chapter, the length and 
hearing of the closing line, connecting the known sides of the 
survey. This line and the two unknown sides will form a 
triangle, having its base known, as well as the bearings of all 
its sides ; with these data compute the several angles of the 
triangle, by the previous rule (page 136), and you have the 
three angles and one side given ; whence the two required 
sides are determinable by the first case. 

Example 1. The boundaries of a tract of land were taken 
as follows: 1st S. 16°30'E.; 2nd. N. 24° W.; 3d. S. 26° E., 
5-60 chains ; 4th. S. 31" 30' E., 7*80 chains; 5th. N. 5° 20' W., 
8-50 chains ; 6th. S. 15^ E., 9-60 chains; 7th. N. 18o W., 4-85 
chains; 8th. N. 30° W., 8*60 chains; 9th. N. 45^ 30' W., 6-48 
chains; 10th. N. 64^ 45' W., 7-34 chains; 11th. N. 12o 30' E., 
20*16 chains, to the place of beginning. Required the distances 
of the two first stations, which, fix>m local obstructions, could 
not be measured. 

Now the first two lines are the unknown lines: let the fol- 
lowing lines therefore be considered a portion of a block of 
land, the last line .of which has been left out, which line it is 
required by the preceeding rule to discover. Resolve these 
lines into their respective latitudes and departures, and add 
them together, the northings will be found to amount to 47*89 
and the southings to 20*95; making a deficiency of southings 
of 26*94: in the same way, there will be found a deficiency of 
4*46 of eastings. The closing line consequently will bear south- 
east^ so many degrees. Find the distance and departure of this 
line firom these required data by the rule given in Chapter III. 
viz., south 9^ 24' east, 27 chains 30 links. 
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BT A CLOSma LING. 



The conditions of the question will now be ^ 
BC=27 chains 30 links, and its bearing S. 9 
24' E. ; AB, S. 16^ 30' E., making the angle 
ABC, therefore 7' 6'; and AC bearing 9 

N. 24° W.,and AB, S. 16° 30' E., or N. 16° 30' t 

o 

W., making the angle B AC, 7*^ 30' ; and there- ^ 
fore, the remaining ai^le at C, 166° 24' ; that 
is, the three angles and one of the sides of a 
triangle will be given to find the other two 
sides. The first distance fi-om this triangle wiU 
be 52*72, and the second 25*85. Find the la- 
titude and departure of these, and verify the 
work by the usual checks. The latitudes will 
be found to amount each to 7 1 '60 chains, and 
the departures each to 28*35 chains, thus 
proving the work. 
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By means of a changed bearing. 

Rule 2. Suppose the whole tract of land to revolve, until 
it becomes in such a position, as to have one of the unknown 
sides in a direct meridian line. This will not change the 
relative position of the sides, as, whatever angle of variation be 
taken for this line, the same will be taken for all ; but, as in 
the first instance, there were but two lines, whose departures 
were unknown, so now, in consequence of one, firom having 
been made due north and south, having no departure, that of 
the only one that remains imknown, is the measure of the 
difference of the sums of the eastings or westings. 

The changing of the bearing is performed in the same way 
as correcting for the variation, viz.,— by bringing aU the given 
angles to a new meridian, which makes so many degrees east 
or west, with the first meridian. {See page 135.) 



fiY A CHAVGEB fiEAIUNO. 
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Arrang^j therefore, the bearings and distances, as in the fol- 
lowing columns; change the bearings of each, so as to make 
the bearing of one of the unknown sides a meridian line. Place 
these changed bearings in their proper column ; find the lati- 
tude and departure of these bearings, to their several distances. 
Find the sum of the eastings and the sum of the westings ; their 
difference will be the departure of the seccmd unknown side, 
in terms of the deficiency. 

Calculate the latitude and distance of this second side, fi-oiii 
its bearing and departure, which are known, and place them 
also in their proper column. (^See page 141.) 

Then add the northings together, and the southings together, 
and their difference will be the distance of the side, which 
was made a meridian. 

ExAMPLB. — Solve the preceding example, given in Rule 1| 
page 144, by using a changed bearing. 



1 

1 


Bearings. 


Changed. 


Dist. 


N. 


S. 


E. W. 


S. 16'30'E. South. 


(5272) 




(52-72) 






? 


N. 24° 0' W. N. 7° 30' W. 


(25-85) 


(25-63) 






(3-37) 


3 


S. 26° 0' E. 


S.9'30'E. 


5-60 




5-52 


0-92 




4 


S.SrsO'E.S. lo^O'E. 


7-80 




7-54 


2-02 




5 


N.5"20'W.N.iriO'E. 


8-50 


8-34 




1-65 




9 


S. IS'^O'E.JS. 1°30'W. 


9-60 




9-60 




0-25 




N. 18**0'W. 


N. 1° 30' W. 


4-85 


4-85 






013 
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N.30°0'W. 


N.13°30'W. 


8-60 


8-36 






200 


9 


N.4$'*30'W.N.29°0' W. 


6-48 


5-67 






3-14 


10 


N.64°45'W.'N.48°15'W. 


7-34 


4-89 






5-48 


11 


N.12°30'B.iN.29°0'E. 


20-16 


17-64 




9-78 








49-75 


22-66 


14-37 


11-00 


Deficiency of S. 


52-72 


ofW. 


3-37 








( 


[75*38) 


75-38 


14-37 



Make the first line a meridian line, by turning the southerly 
bearing S. 16^ 30 E., 16° 30' more to the west Now, as the 
reverse of S. 16^ 30' K, is N. IB® 30' W., so is the reverse of 
south, north ; therefore, the turning a southerly bearing west- 
Ward, will have the effect of turning a northerly one eastwards 
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All southerly bearings must therefore be brought 16° 30' more 
westerly, and all northerly bearings 16^ 30' more easterly. The 
changed bearings will of course make no change in the 
distances. 

Find the latitudes and departures, according to these changed 
bearings. The departure of the first one being due south, will 
of course be zero. They will therefore all have departures but 
the second. 

The difference of the sums of the eastings and westings of 
the other lines, will be the departure of this second line, 
which will be found to be west 3*37 chains. 

Now, as this second line has its bearing and its departure 
given, the latitude and therefore the distance, can be ascertained 
by the Rule in Chapter IIL This distance will be 25*85 chs., 
and its departure 25*63 chains. This disposes of one line out 
of the two, the other has its departure known, being zero, its 
distance, therefore, is equal to its latitude, which is, by hypo- 
thesis, due south. The difference between the north and south 
latitudes will be the distance required. The sum of the nor- 
things is 75*38 chains, that of the southings 22*66 chains, leav- 
ing a deficiency of southing of 52*72 chains, which is the 
distance of the first line. 

The two distances therefore are 52*72 chains, and 25*85 
chains ; the same results as before. 

Example. 2. — The following bearings and distances were 
taken, viz.: at station 1., the bearing of 2nd station was, 
S. 71* 24' W.; at station 3, the same point bore S. 46° 18' E., 
the distances couldnot be obtained ; at station 3, N. 15 ^^ 42' E., 
6*20 chains; at station 4, N. 52® 18' E., 6*75 chains; at station 
5, S. 78*^ 48' E., 5*96 chains ; at station 6, S. 5° 51' E., 4*84 chs. ; 
at station 7, S. 49' 15' W., 4*75 chains; atstation 8, S. 4^ 57' E., 
3*98 chains, to the place of beginning. 

What are the distances of the first and second lines ? 
Ans, : First distance 5*48 chains. Second distance 6*80 chains. 
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THIBD OMIS8IOK* 

fVken the bearings of any two sides of a tract 0/ survey have been 

incorreetly taken. 

Arrange the given bearings and distances in their proper 
columns, and find, as before, the difference of the northings 
and southings, and of the eastings and westings, for the lati- 
tude and departure of a closing line. The line, and the 
distances of the two unknown sides, form a triangle, with 
sufficient data to determine its inward angles ; and thence, as 
the bearing of the closing line \& known, the required bearings 
of the two other sides are obtained. 



CHAP. IV. 

TO FIND THE AREA. 

When the bearings and distances of a tract of land are given. 

Arrange the several bearings and distances as before, and 
find the respective latitudes and departures corresponding to 
each. 

Determine, as in the preceding problems, the several cor- 
rections to each, for latitude and departure, and allow for 
these corrections, placing the amended latitudes and de- 
partures in their proper columns. 

Now make five more columns, and head them— East Double 
Departure; West Double Departure; Multipliers; North 
Areas ; and South Areas. 

Take the sum or difference of every two consecutive de- 
partures (the first and last departures are as much consecutive 
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as any other two adjacent departures are^ as they join each 
other upon the ground, — if this be borne in mind by the 
student, there will be no difficulty in the matter) ; adding them, if 
of the same kind, and subtracting them, if of different ; and 
place this sum, or excess, in the column to which it belongs ; 
of west in the column of W. D. D. ; of east, in that of E. D. D. 

Commence at any station whatever of the survey, and 
assume any line, either close to, or at any distance from it, as 
a meridian or multiplying line, so called, because the meridian 
distances of all the stations, or perpendiculars, let fall from the 
several corners of the figure upon this line, become the several 
multipliers, which multiplied into their corresponding latitude, 
give the north and south areas. If this line is close to the 
figure, the first multiplier will be the first departure, place 
this, therefore, in the column of multipliers collateral with its 
corresponding departure, terming it either east or west, accord- 
ing as that departure is east or west. The sum of this 
assumed multiplier, and that of the double departure, corres- 
ponding to the nej^t side, if they are of the same kind, or 
their difference, if of oppo^te kinds^ in terms of the greater, 
will be the next multiplier; proceed with the second multiplier, 
and the following double departure, until multipliers have 
been found for all the sides. The last multiplier thus ob- 
tained, if the work be correct, will be fou^d the same as the 
last departure. 

Multiply each of the corrected differences of latitude by 
its collateral multiplier, and place the product in the north or 
south area columns, observing, that whenever the multipliers 
are of the same name as the assumed, those products are to be 
placed in the columli of areas, which is of the same name as 
the latitude ; if of different names, in the contraay column* 

Half the difference, between the sum of the north and 
gouth areas will be the area of the survey. 



OP A BLOCK OF LAND. 
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DemoTistration. 

Let ABCDEFG be a tract of country whose area is re- 
quired ; 




through A draw the meridiaa or multiplying line fb, and 
through the several points^ B, C, D, E, F, and G, draw the 
meridian distances, Ba, Cft, Dc, Ee, Ydy and G/J perpendicular 
to this meridian, and also ^B, Cn, DA, and C, parallel to it; 
aB will be the first multiplier. 

Now the area of the figure, iCDEFG/J is equal to the figure 
ftCB AGr/H-the required area of the tract And the difierence 
of latitude and departure of the several sides will be found as 
in the following table. 

Thus Aa is the northing of AB, and aB is its easting ; ah 
is the northing of BC, and ^C its easting, and so on. 
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TO FIND THE AREA 



AIso> according to the rule, aB4-^C or bCy is the £. D. D. 
of BC5 as they 'are of the same kind, and fG — aB is the 
W.EtD. of aB. 

Having obtained the double departures for the several sides, 
assume the multiplier aB, and find, by the rule, the several other 
multipliers aB -{-50, &c., observing carefully, whether these 
multipliers are east or west. And place the areas of the pro- 
duct of the multipliers into their collateral northings or south- 
ings, in the columns of north or south areas, according to the 
proper relations between these multipliers and latitudes as 
given in the rule. These areas are double the required areas 
— being each of them double the areas of the several trape- 
zoids into which the fiigure has been divided. 

Half the difference, therefore, of the north and south areas 
will be the required area. 
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Now "rfm" the multipUer last found equals Gf or the last 
departure. 

It will be perceived that all the multipliers, with the 
exception of the first and last, which are single, being the 
perpendiculars aB,yG of the triangles AaB, A/G, are double, 
being the sides of the trapezoids respectively, of which the 
other portion of the figure is made up— viz., the trapezoids 
BaiC ; DcZiC ; and &c. 
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Example 1.— Given the bearings and distances of a tract 
of country, to find the area, viz.: — Ist S. 16^ 30' E., 3-47 
chains; 2nd. S. 17® E., 3.02 chains; 3rd. S. 26^ E., 5-51 
chdns; 4th. S. 31^ 30' E., 7*34 chains; 6th. S. 5^ 20' E., 
10-55 chains; 6th. & 15«> E., 6-09 chains; 7th. S. 8<> W., 
4-03 chains ; 8th. S. 3® 30' E., 470 chains; 9th. S. 45*' 30' W., 
6-50 chains; lOtL S. 64^45' W., 7-34 chains; 11th. S. 60*^ 15' W., 
4-98 chains; 12th. N. 22*^ 45' W., 27-62 chains; 13th. N. 
67* E., 2-40 chains; 14tL N. 13* 30' W., 6-10 chains; 15th. 
S. 62=> 30' W., 4-16 chains ; 16th. N. 27*^ 30' W., 8-24 chains ; 
17th. N. 41° 10' K, 4-47 chams ; 18th. N. 4^ W., 16-40 chains; 
19th. N. 84^ E., 4-03 chains ; 20th. S. 69«^ 30' E., 18 21 chains 
^to the place of beginning. 
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EXAMPLE 2*^Giren the bearings and distances as follows^ 
viz.,— S. 16^ 30' E., 3 chains 47 links; S. 45** E., 4 chains 
50 Imks ; S. 26* E., 5 chains 51 links ; S. SI** 30 E., 7 chains 
34 links; S. 5 <> 20' E., 10 chains 55 links; S. 15^ E., 5 chains 
9 Hnks ; N. 18° W., 4 chains 3 links; N. 13^ 30' E., 4 chains 
70 links; N. 45° 30' W., 6 chains 50 links; N. 64^ 45' W., 
7 chauis 34 links ; and N. 4^ 18 W., 17 chains 11 links, to the 
place of beginning, to find the area. a. r. p. 

Answer, 9. 0. 3. 



CHAP. V. 



DIVISION OF LAND, 
PBOBLEM i. 

To lay out a given area in the form of a triangle, token the 
btzse, and the angle at the base, are given. 

Let ABC = the given tri- 
angle, having the base AB, 
and the angle BAC, given; 
and let the area of the tri- 
anglei^rA; it is required to 
find, first, AC, and thence 
AD, and DC. 

By the nature of triangles, 




Areazr 



AB 



AB 






DC = AC. flif. sin. ^ BAC. 
2R ^ 

AC _^ Area . R 

"— AB.sin./lA 



Again DC ;=: AC sin. Z A 
and AD = AC cos. Z A 
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Example L — There are 46 acres of land to be laid out in 
form of a triangle, whose base is 15 chains, and the angle 35 
degrees ; required the lengths of the other two sides. 
Here AB = 15 chs., and the angle CAD = 35% 

«^^ AC Area . R 

now >— ~ — 5 



2 AR sin. ^ A 
log. area (460 square chains) = 2*66276 

4- log. rad. =10* 



12-66276 
log. AB (15 chs.) = 1-17609 
+ log. sin. L A (35^)= 975859 

deduct 10-93468 =: 1093468 
4^ = log. 53-47 chains = 1 72808 



AC = 106-94 chs. 
Example 2. — Having the same data, to find the length of 
BC, in the previous example, and also DC ; and thence to 
determine, whether, with these lengths, the triangle will con- 
tain the given area. 

PROBLEM II. 

From a given triangle^ to cut off any given area^ by a line 
drawn from the vertex to the base. 

Triangles, of equal altitudes, are proportional to their bases 
(see Euclid, lib. vi., prop, i.); therefore, making A, the given 
area of the triangle ; a, the part to be cut off; and ar, the re- 
quired portion of the base, we have 

a base 
A 

Example. 1. — There is a Gore of land between two town- 
ships, whose area is 425 acres, and base, 85 chains. It is 
required to cut off 400 acres by a line drawn fi-om the vertex. 
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Example 2. — From a Gore of land^ having a base of 40 chs., 
containing 125 acres, to cut off 50, by a line from the vertex, 
required the base. 

Example 3. — From a triangle, with a base of 74*54 chs., 
containing 35 acres, to cut off 860 square yards, required the 
base. 



CHAR VI. 

PRACTICAL EXAMPLES. 

The following questions are of a more practical nature, and 
have been fully worked out, so that the reader may make 
himself acquainted with the means of ensuring that practical 
accuracy, which is indispensable for success, in a profession 
to which so much responsobility is attached, and where the 
consequences of inaccuracy are so serious and lasting as in 
the survey of a new country. In Canada where I was en- 
gaged for some time, one third (I believe I am speaking 
within compass) of the common law cases were either 
disputed surveys, or originated in the bad feeling engendered 
from encroachments, or supposed encroachments upon each 
other's property. 

PROBLEM L 

The bearings and distances of two sides of a triangle being given, 
to cut Dff a given area at the vertex, by a line parallel to the base, 

Ex. 1st There is a Gore of land between two townships, the 
boundary line of one being N. 45^ E., and that of the other 
N. 40 3' W- ; the length of the first line, 240 chs., that 
of the second 220 chains. 

It is required to cut off, at the vertex end, 300 acres, 
by a line parallel to the base of the Gore. 
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Because the one line beare N. 
46 ^ E., and the other N. 4^ 3' W., 
the angle between them is 49^ 3^ 

240x220xsin.z4903' _^_^ 

^ ' -rfc ' ■' ■ ' ■ — area* 

2 R 




log. ?1^ z= 120 chains 

log. 220 chains 
log. sin. 49^ 3' 



z= 2-07918125 

= 2-34242268 
zz 9-87810900 

14-29971293 
- 10 



= 4-29971293 



Divide by radius zz: 
1994 acres = 19940-00 sq. chains 

Now, as similar figures are proportional to the squares of 
their homologous sides, the whole area is to the given area as 
square of one of the given sides is to the square of that portion 
of the side, that is to be cut off: that is, 

As 19940 sq. ch. : 3000 sq. ch. : : 240« : ar< ±z 93-09 chs. 
where jr— length to be cut off. 

The other side BE will by the same process be found to be 
85-33 chs. 

Having obtained the lengths of BD and BE, the two sides 
of the piece to be cut off, that will contain 300 acres, together 
with the included angle 49^ 3', we can calculate the angles at 
the base by the second case of trigonometry. 

These angles will be found to be as follows, viz. : 70^ 55' 
= greater angle, and 60® 3'= the less. 

To prove the calculation, 
A^^o DB.BE.sin.49<^3' 85-33 X 93 -09 X sin. 49^3' ^^^ 
^'^^= 2"R = 2tt ^ ^^^"^'" 
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Having verified the correctness of the calculated sides, wc 
proceed to obtain the length and bearing of the base. 

As sin. 64® 3' : 85-83 chs. : : sin. 49° 3' : DE = 74-38 chs. 
Again -.- AB bears N. 45« 0' 

add 60° 3' 



• » 



105° 3' is the angle made with the north. 
Because it is greater than a right angle, subtract it firom 180, 
and its supplement, 74 5'7, is the angle made with the south 
point of the needle, being, therefore, S. 74° 57' E. 

In order, therefore, to cut off 300 acres from the Gore ABC, 
measure from B to A, 93-08 chs., and at that point run a line, 
bearing S. 74° 57' E, which will be parallel to the base of the 
Gore, and should be 74*38 chs. in length. 

Example 2. — The same data being ffiven, it is required to cut 
off 300 acres towards the township, whose boundary Une bears 
N. 45° E, by a line drawn from the vertex to the base. 

Using whatever calculations may have been made above, 
that may be useful to our purpose, first ascertain the base of 
the Gore. 

As sin. 60° 3' : 2-20 chs. : : sin. 49° 3' : AC:=rl91-70 chs. 
191-17 chs. =1 the base of Gore. 

Now, triangles of equal altitudes are to each other as their 
bases; therefore, the whole Gore is to the piece to be cutoff, 
as the whole base is to the base of the piece cut off. 

As 19940-00 chs. : 3000-00 chs. :: 191-77 chs.: AG. 

AG = 28-85 chs. 

Next find the angles of the tri- 
angle ABG, by the rule for the se- 
cond case of trigonometry, so as to 
determine the length and bearing 
ofBG. 




100 TO nSD THE ABGUt OF CtnUCTtOK. 

TWk «^k> «ffl be fcond m faUoira, ni.: 113* 36' = 
b^CTM^ AGB. Hid6* S0'= the mnUer an^e ABG. 
BA k & 45* W. 
li*— «' »■ =3S* -WW. 
TW hw»¥. Aac&n, a & 38^ 40 W. 
ac^lm^ at At Cm BG. 

B. 6' Sf' S>->5 Ab.= sn. M«3' : «6'65cht=BG. 
[T dF ^ liw BG. cHSif «r«>0acR5aad>e side AB, 
'u.^«nwx£^aidimBG S. SS' 40' W^ tiU you 

am \.UiL-mLi iiMi i^ii rfiifwi"^* -^.lj. .t.^iJ 

s.- els. : if ^ annl Usance be fboid to the same 
t im ia^i. ^ wiA s fiuibcd. b« if mt, it becwnea 
-. «- ««i*« a* bwwiKrfAeEae by d*e compass, 




V llir -mhtiit ^e«Bcw r 
le vMTittkK. UNsaa^e- 

Till ihiiMdiiii faiBili til 1— * Tltia di^ 

KBt» B ■(■■■III bj 300 dc^racB, tfacielbre r. imL 

cdbrlSO', «k1^—> which is 57" 3' is the measnre 

itMD of » aicamfefence iriik^ is equal to thelei^di 

ins- 

IS I. — Id the pfeoediog problem let GA, »ng*ip*'^ 

lis. measure 29-85 <Jis. ; that is, one chain too much 

t. 

a find the an^ of coirecdon, because the whole 

an will be thehypothenuseofaii^t-angled triangle, 

lie error will be the perpendicular, b; making the 

wlius ; and the latter, the sine to the angle of error, 

loll have. 
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As 226-63 : 57° 3' :: 1-00 : x=l5' = angle of correction. 

Present bearing S. 38^40' W. 
Add 15' W. 



Corrected bearing S. 380 55' W. 



PROBLEM II. 

77ie bearings of three sides of a triangle being given, to cnt 
4^ a given area at the vertex^ by a Une parallel to the base. 

Rule 1st. — ^These three lines form a triangle, whose angles 
are all known ; make one side equal to unity, and calculate 
the proportionate lengths of the other sides. Making this 
side=zxy and multiplying by the other two sides, all the 
sides are known in terms of x. Find the area in terms of x. 



according to the formula, area= V s, {s — a) (s — 6)(«— c), and 
make this equal to the given area. The solution gives the 
answec 

ElxAMPLE 1. — Let one of the boundary lines of a Gore, 
between two townships, bear N, 38^ W., and the other 
N. 16« 30' E.; it is required to cut oflF 325 acres from the 
Gore end, by a line bearing N. 88° 16' E. 

Rule 2nd. — First, find the interior angles, and let AB = 
I •00 chains or unity. 

ToJindBCor AC. 

As sin. 53« 45' : I'OO ch. :: sin. 71° 45' ; BC 

BC = 1-18 chs. 
Or, As sm. 53o 45' : lOO ch. :: sin- 54° 30' : AC 

AC = 1-01 chs. 

M 
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AB=l-000 

therefore AC ml -010 

BC=M78 




An c 

Let fall a perpendicular BD. 

Now the arearr^^-^?/^^' ^ CAB_, ^^^^ ^j^^^^^ 

2 R ^ 

then because similar figures are as the squares of their homo- 
logous sidea 

Therefore 4794 sq. chs. : 3250 sq. chs. :: 1* : x* 
where x =: AB = 82*34 chains* 
which is the measure of the side taken as the unit side of the 
three. 

To find AC and BC, the other two sides (by the first rule)* 
multiply each of the sides of the unit triangle by this common 
unit of measurement, or, making A = the actual area, and a^ 
the unit area, and or, as before, the length of any side, in the 
unit triangle cr, which was taken, we have, by similar 
triangles, 

o : A: : a?« * y«. 

Air* 
t. e, — y « where y is the actual length of the same side. 



a 



'•A 



y A y' A 

.-. X ^—=y or log. X +(log.^ — =1-91560) = Iog.y 

y A 

where.^ ^'or 1-91560 is the actual length of the unit side 



(AC> 

Let X (=1-010) then log. x 

a 
.-. AC = 83-12 chs. 



log- x/^ 



= 0-00412 
= 1-91560 

= 1-91972 
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Again^ 

Leta? = 1-178 = 0-07102 

log. unit of measurement = 1*91559 

.-. Be = 96chs. 96 Iks. = 1-98661 

AB = 82-34 chs. 
therefore BC = 96-96 chs. 

AC = 83-12 chs. 

Example 2. — Given the bearing of a Gore of land> north 
12 deg. east, and north 21 deg. west, and the base 156 chains, 
50 links, bearing north 86 deg. east 

It is required to cut off 1000 acres from the firustrum end 
of the Gore. 

First find the area of the given triangle, 2066 acres^ 2 roods. 
Deduct 1000 acres from it, and you have the portion 
to be cut off at the vertex. This now comes under the pre- 
vious rule. 

rACzr 77-39 chs. 
Ans. -| DB = 77-79 chs. 

LHeight = CE or DF = 74-39 chs. 



Practical Questians. 

1. One side of a tract of land of which a survey is to be ta- 
ken, passes through a pond. Two stations are therefore taken 
on one side of the pond. The bearings and distances from the 
first end of the side to the first station, from that to the second, 
and thence to the other end of the side are: 1st. S. 52® W. 
10-70 chs.; 2n4 S. 7i« W, 13-92 chs.; and 3d. S. 34i*>E. 
9 chs. Required the bearing and distance of the side< 

Ans. S. 10® 33' W. 28-31 chs. 

2. Given the bearings and distances of the sides of a tract 
of land asfollows ; 1st. 8.40^® E. 31-80 chs.; 2nd.N. 54^E. 208 
chs.; 3d. N. 29i® E.2-21 chs.; 4th. N. 28i® E. 35-35 chs.; 
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5th. N. 57<» W. 21-10 chs.; and 6tL S,47« W. 31-30 chs. ; to 
place of beginning. Required the area of the tract. 

A. R. p. 
Ans, 92 3 30 

3. In taking a survey of a tract of land bounded by six straight 
sides, I was prevented going directly from the^ 3rd to the 
4th comer by a pond of water. I therefore set up two stakes 
near the edge of the pond, and took the bearing and distances 
from the 3d comer to the first stake, from the first stake to the 
second, and from the second to the fourth comer, and noted 
them in my field book, as all belonging to the 3rd station of 
the survey. The field notes being as follows, the bearing and 
distance of the third side, and the area of the survey are re- 
quired. 1st N. 7-81 chs. 2nd. S. 76^^ E., 18-15 chs. 3rd. S. 
52^ W., 10-70 chs. S. 7i^ W. 13-92 chs., and S. 33^^ E., 
9-00 chs. 4th. N. 84^^ W. 27*12 chs. 5th. N. 4i<^ W. 22O0 
chs. 6th. East, 16-58 chs. 

Ans, 3d side, S. 10° 47' W. 28*42 chs. ; and area 80 acres, 
rood, and 25 poles. 

4. Given as follows : 1st side, N. 62 « 15' W. 2nd. N. 19 E. 
distance 18 chs. ; 3d. S. 77* E. distance 15-25 chs. ; 4th. S. 27° 
E. ; to cut off 3 5 acres by a line, from the first side to the last, 
running N. 82° 30' E. Required the length of the division line, 
and the distance on the first side. 

Ans. Division line 22*98 chs. ; distance on first side 5*14 chs. 

5. Given as follows: 1st. side S. 78° W. 8 chs. ; 2nd. N. 
261^0 W. 11*08 chs.; 3d. N. 38^° K, 12-82 chs. ; 4th. S. 64° 
E., 10-86 chs. ; 5th. S, 23^"^ E. ; to cut off 25 acres by a line 
running from the place of beginning, and falling on the 5th 
side ; required its bearing and distance. 

Ans, N. 45° 1' E., distance 10-67 chs. 

6. The boundaries of a trapezoidal field ABCD are given as 
follows: viz. AB, N. 80° W., 60 perches; BC, N. 39^° W., 
45-5 perches; CD, S. 80° E., 894 perches; and DA, South, 
30 perches ; and it is required to divide it into two equal parts 
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by a line FE parallel to AB or CD. What will be the length 
of the division line FE, and the distance AF? 

Arts. FE, 76*13 perches, and AF, 16'46 perches. 

7. The boundaries of a field ABCD are given as follows: 
viz. AB, S. 10^^ W. 720 chs. ; BC, S. 67' W. 12-47 chs.:CD, 
N. 230 w., 13- 33 chs.; and DA, S. 89^ E. 18 chs. ; and it is 
to be divided into two parts ABEF and FECD, in the ratio of 
3 to 4, by a line FE, running due South, Required the length 
of the division line FE, and the distance AF. 

Ans. FE, 10-10 and AF, 8-12- 

8. The boundaries of a tract of land are as follows : 1st N. 
14^ W., 15-20 chs. ; 2nd, N. 70|^ E., 20-43 chs.; 3d. S. 6° E., 
22-79 chs. ; 4th. N.86^^W. 18- chs. to the place of beginning; 
within the tract there is a spring, the bearing and distance of 
which, from the second comer, is S. 75° E., 7*90 chs. It is 
required to cut off 10 acres from the west side of this tract by a 
straight line running through the spring ; what must be the 
distance of the division line from the first corner, measured on 
the fourth side. Ans. 4-64 chains. 



CHAP. VII. 

THE MERIDIAN LINE. 
To determine the meridian line. 

There are several methods by which this can be obtained, 
any one of which is sufficiently correct for the surveyor. 

1st. Approximately hy the shadows of the sun, when at equal 
altitudes before and after noon. This is a simple practical 
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coDtrivance for dispensing with an instrument in observing 
equal altitudes and azimuths. It is useful when White's Ephe- 
meris or the Nautical Almanack are not at hand^ and is suffi- 
ciently correct for railway purposes, that is, for running trial levels, 

2nd. By the needhy or any angular instrument 

1. By the Azimuth of the Pole Star, 

2. By the sun's amplitude at setting or rising, 

3. By determining its transit at noon. 

4. By equal altitudes and azimuths. 

The method by the pole star, and that by determining the 
sun's transit at noon, are, perhaps, the only two, that can be 
used in the forests of a new country. A natural horizon, by 
which to determine the sun's amplitude at rising or setting 
can seldom be obtained; and no dependence could be placed 
upon securing sufficient opening between the trees, to obtain 
equal altitudes and azimuths. 

Again, the method by the sun's amplitude, is decidedly the 
best at sea, or on the sea shore, where a decided horizon can 
be obtained : and in the interior, where there are no woods, the 
method by equal altitudes and azimuths, from the power the 
surveyor has of taking several equal altitudes at the same point, 
and thus verifying his work, may perhaps be most beneficially 
adopted, 

APPROXIMATELY. 

By the surCs shadow. 

Drive a stake down into the ground, having a pointed top, 
Plomb it carefully so that it be quite perpendicular; mark where 
the sun's shadow is thrown, and describe upon the ground, from 
the stake, as their common centre, two or three circles, decreasing 
in radii. Note where the shadow from the point of the stake, 
touches the circumference of the larger circle, before noon, and 
also after noon. Do this with the other circles : connect these 
points upon the circumferences with the centre, and bisect the 
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angles; these should have a common bisection. Should this 
not be the case; the mean may be safely taken^ provided the 
difference is not great between them. 



CHAP. VIII. 



2nd. by an angular INSTRUMENT. 

Before entering upon this method, a few preliminary obser- 
vations will be found useful. 

It will also be necessary that the student should under- 
stand the method oi finding the latitupe. 




Let z be the place of the Observer, and zdh the earth: then 
Z will be the Zenith; EQ, the Equator; and HO, the horizon, 
at the earth's centre. ZE will be the latitude; and ZP the co- 
latitude or polar distance. Us wiU be the sun's altitude, £« 
the sun's declination, and sZ, the zenith distance. 

Now E*, or E«', which is the sun's declination, varies every 
day in the year ; it is to be found in White's Ephemeris, or in 
the Nautical Almanack. 

lis, the sun's altitude, must be measured, by an instrument. 
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sad a natural ot artificial horizon. The only natarnl horizon 
is the sea : on land, an artificial horizon of quicksilrer, in 
which the son is reflected, must necessaiily be used. Ilie ang^e 
obBerved by this latter method is double the angle of altitude, 
which will be north or south according to whether the obserrer 
is north or south of the sun. 

The comfJement of this, Zs, will be the sun's zenith distance. 
E*, the sun's declination being added to this, if they are both 
north or south, or subtracted from it, if they difier, you obtmo 
ZE or the latitude, in terms of the greater ; the complement 
of which, ZP, is the polar distance.1 

Tojitid the latitude. 

Find the sun's centre by allowing for his semi-diameter, 16 
minutes, deduct for refiraction 1 minute. Deduct his true centre 
thus corrected fi«m 90 degrees, which will give you the zenith 
distance. Turn out the sun's declination in the tables for the 
given day and subtract or add them, as the zenith distance and 
the declination may or may not be of the same name, and you 
will obtiun the latitude. 

Example I. 

May ISth, 1842, the meridimi altitude of the sun's lower 
limb was 47" 50', the observer being north of the sun; re- 
quired the latitude of the place of observation. 
- Obs. alt, e's L. L. 47° 50' 

o's semi-diameter -|- 16' 

App, alt. sun's centre 48" 6'- 

Refiraction — 1' 



■e alt Bun'a centre 


48» 5' 




90" 


's zenith distance 


41° 55' N. 


's declination 


19° 41 N. 


itude 


61' 26' N. 
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Example 2. 

September 9th, 1842, the meridian altitude of the sun's 
lower limb was 62^ 33', the observer being north of the sun 
required the latitude of the place. 

Obs. alt sun's lower limb 62* 18' 

Semi-diameter -f 16' 

App. alt sun's centre 
Refraction 

True alt sun's centre 



62» 


34' 


— 


1' 


62<' 


33' 


90* 


0' 


27» 


27' N. 


5" 


23' N. 



Sun's zenith distance 
Sun's declination 

Latitude 32^ 50' N. 

The amplitude of a heavenly body is the angle made be- 
tween that body when on the horizon, at its rising or setting, 
and the east or west points of the compass. 

The azimuth is the same angle, measured on the horizon, 
when the body has attained to some altitude above it; it is 
reckoned from the north or south points. Thus, the sun's 
ampUtude is the angle made with the true east or west, and 
the pole star's azimuth, is that between the true pole and the 
pole star, taken at its greatest elongation, measured on the 
equator, and taken between two large circles ; the one passing 
through the polar axis of the Earthy the other, through the 
pole star. 



Having now ascertained how the latitude is to be ob- 
tained, we will return to the method of obtaining a meridian 
by an azimuth of the pole star. 
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IsL By the Azimvih of the Pole Star. 

The a of Ursa Minor^ or as it is more commoQiy termed 
Polaris, is about li° from the true pole, and revolves round it 
in 23 hours 56 minutes. When it is at [its greatest distance^ 
east or west, it is said to be at its eastern, or western elongation. 

The angle that measures this distance, that is, the angle 
made at the centre of the earth, between the true pole and 
the pole star, is called the polar azimuth ; this, which should 
be taken at the time of its greatest elongation, depends upon 
the latitude of the place, and the distance of the star from the 
pole. This distance is called the polar distance, it is subject 
to a small annual diminution, called precession, which is 19*3 
seconds annually. In the year 1830 this distance was 
l^ 35' 50"; by multiplying the number of years since by 
19*3 seconds, and deducting the product, the actual polar dis- 
tance can be obtained. 

Now, the azimuth, or angle of variation of the pole star, 
from the true pole, can always be determined by the 
following proportion :— 

As radius : sec. lat : : sin. polar dist : sin. azimuth. 

To lay down a Meridian Line therefore, 
find the time in the nautical ephemeris, when the star is 
about its greatest eastern or western elongation, and having 
calculated the polar distance for that day, make all the neces-* 
sary arrangements for the observation about 20 minutes before 
this time. 

Having set the telescope of the Theodolite to the star (a 
circumferentor with a telescope will answer the same purpose), 
watch the star carefully, which will be seen to move in one 
direction for some time, until it becomes stationary. Now, 
fix the telescope, so that the web covers the star, and keep it 
thus, until the star begins to retrograde. Then clamp it care-i 
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fully in that place, and direct an assistant to take a stake, with 
a lighted candle upon it, and put it down in the same line, at 
some 8 or 10 chains distance ; this is the line of elongation. Fur- 
ther operations had better be put off till the morning. Then, in 
order to obtain the meridian line, another line must be laid 
off upon the ground, making an angle with the line, equal to 
the Une of the angle of azimuth, which was previously deter- 
mined, to the east of the line, if the elongation was westerly^ 
and to the west, if it was easterly. This meridian line had 
better at once be marked out with stakes at either end, so as 
to be a standard of reference. 

2. To find a meridian Kncy by the surCs amplitude at rising 

or setting. 

I^xcept upon the sea shore, there must be some uncertainty 
about this method, for the result cannot of course be perfectly 
correct, unless the observation be taken when the sun is exactly 
on the meridian. There is, however, very little *^ departure" 
about that time. 

The method of applying this is very simple; set your 
instrument to cut the sun's limb, either the right or left, at the 
time of its setting. If working with a theodolite, lay off the 
angle between this and the true west 

To find the true west, seek in the Nautical Almanack for 
the sun's declination for the given day, which being obtained, 
the true amplitude can be found thus : 

As cos. lat : R. : : sin. dec. : sin. amplitude. 

A perpendicular to this will of course be a meridian line. 

If using a Circumferentor, the difference between the mag-: 
netic and the true bearing of the sun at its setting, will givQ 
the variation of the compasg. 
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Example 1. 

Given the latitude of Greenwich 5V 28' 40" N., and the 
sun's declination on the 21st of June, 1842, 26^ 27' 41"N. ; 
required its amplitude. 

As cos. 5P 29' = 9-794308 



is to radius ^r 10000000 

So is sin. dec. 23« 28' =: 9-600118 



19-600118 



To sin. amplitude 39^ 45' r= 9-805810 

Which is the amplitude for the east or west point of the 
horizon; and its compliment 50° 15' shows how far from 
the north the sun rises or sets on the longest day at 
Greenwich. 

3. By determining the surCs transit at noon. 

The Circumferentor must be furnished with a telescope for 
this purpose, and whether to this, or to the Theodolite, a 
darkened glass must be used. About ten minutes before noon, 
set your instrument perfectly level, and cover the sun's centre 
with your web ; follow its motion carefully with the telescope, 
keeping it always covered, until, after ascending, it remains 
stationary, and is beginning to descend ; clamp the telescope. 
Two points fixed with its line of collimation will give a 
meridian. 

4. By equal altitudes and azimuths. 

Measure carefully the angle of the sun's altitude, about 
nine o'clock in the morning, three hours before noon, and lay 
down the line upon the ground. Then, about 2| hours after 
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noon, keeping the instrument in the same place, and set to 
the same vertical angle, but with its horizontal movement free, 
watch the sun until it descends, so as to be again covered by 
the web, as in the morning; clamp the instrument, and 
lay down this direction also; half the angle between 
these two lines laid off, will give you the meridian line 
required. 

I have entered only so far into the subject as to fur- 
nish the surveyor with a few simple practical means of 
laying down a meridian line ; an approximation is all that 
he requires; but any approximation were better than the 
want of knowing how to distinguish between the true and 
magnetic meridian. 

Anything were preferable to the shameful ignorance of 
many surveyors on the subject; especially now, when a 
good and easy method of determining the variation of the 
compass is invaluable to a surveyor on the preliminary rail- 
way surveys. 



CHAP. IX. 

ON LOCAL ATTRACTION. 

The needle being often, from various causes, diverted from its 
polarity, it becomes requisite, in running a line, to try the 
backward bearing at every station, and to see if it corresponds 
with the forward : it it does not, try the last forward station 
again, to see if any error may have been committed in taking 
it ; should there be none, as the previous backward bearing, by 
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assumption^ must correspond with the preceding for ward 
station, there can be no attraction there, and the fittraction 
must be at the one where the backward bearing differs* Allow 
for the error or augle of attraction at the next station, and pro- 
ceed until this error be compensated. During the continuance 
of this angle of error, there is local attraction in the neigh- 
bourhood. 

At the first station, in starting, as there is no backward bear- 
ing to prove the non-existence of attraction, it is impossible to 
say whather the error be at the first or second station, should 
the backward bearing of the second station not correspond to 
the forward bearing of the first ; by taking, however, a third 
station, and taking therefrom and thereto, the bearings of both 
the first and second stations, the error will be discoverable 
immediately, as the backward and forward bearings of (from 
2 to 3 and fi:om 1 to 3) cannot both agree. Where the dis- 
agreement is, there is the local attraction. 

Attraction may, however, commence with the first statioti> 
and not be discovered until some station afterwards ; should 
this be suspected, it becomes necessary to test the first bearing 
relatively, by a line making any angle with it, {which angle has 
Been measured by the chain,) to such a distance, as may be con- 
sidered beyond the sphere of the supposed attraction. There 
are many other local checks besides this ; lines axe seldom run 
in space unconnectedly in the woods, and, by measuring the 
distance from the next base line, its correctness may soon 
be determined. 
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CHAP. X. 

IThis page contains a small collection of those conventional 
signs that are most in use; the method of representation is 

such as is generally adopted. 

— 



CONVENTIONAL SIGNS. 




1. River 




Canal 
Bridges 

Drawbridge 
Ford 

Horse Ferry 
Rope Ferry 

ROADS 

— Turnpike Road. 





- ^-jua awMMu iii ii i miw i 



Highway 

Occ. Road 
Bridle Road 

Rail Road 

Cutting 
Embankment 



O 



Coal 
Limekiln 



^ Stone Quarry 



<g> Town 



o 



Village 



» 



with Church 




MILLS. 



cX cX i Wmdmill 

0| SawmiU 

iy Watermill 



Post House 
Turnpike 
ry^ Smithy 

j\ Telegraph 

MILITARY. 

Redoubt 
Fort 

'I' i' t Artillery Position 
CZSSZSSn Battery 

Mortar Battery 
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CHAP. XL 

TOPOGRAPHICAL SURVEYING, 

In surveying a tract of country, it is frequently not only neces- 
sary that a correct delineation should be obtained of the 
various outlines of hill and dale, of river and forest, but that 
some method should be adopted of conveying upon the 
same plan a tolerably correct representation of the relative 
heights of its different parts. The positions of the various 
boundaries in the plan are, or always should be, the horizontal 
spaces they would occupy on the earth's surface, totally inde- 
pendent of their height ; this height must, therefore, be ob- 
tained in some other way; straight lines drawn from the 
summit, diverging to the bottom, more or less close, as the hilj 
is steep or otherwise, are used in the one case ; this is called 
the vertical method ; in the other, the irregularities of the 
earth are represented by waving horizontal lines, approaching 
or receding in proportion to the steepness of the ground, 
or its graduated ascent The plate. No. 6 is an example 
of the first method. There is, in this, a boldness of style, 
and a faithfulness of representation, which I am disposed to 
consider must give it the preference. This style of drawing 
is called military drawing, probably from the special demand 
for these topographical features of country for military pur- 
poses. By this, an ofiicer is enabled, at a glance, to ascertain 
whether a commanding point, he is desirous of occupying, 
is accessible to cavalry, or unapproachable by infantry ; and 
he is thereby enabled to decide, whether he can venture to 
attempt the dislodgement of an enemy from one hill, or can 
permanently occupy another, in spite of odds that may be 
sent against him. 

N 
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This kind of drawing has its advantages even to the civil 
surveyor ; if well done^ the introduction of the features of 
the country is a great improvement to the plan, abstractedly ; 
and, to the proprietor of an estate, the topographical details 
are often useful in assisting him in the laying of it out. 

I need scarcely refer to the great assistance, that the engi- 
neers of the present day have derived from the faithfulness of 
the topographical delineations of this country in the ordnance 
MAPS, in the selection of the best lines of routes for rail- 
ways; every professional man must have experienced this 
himself. 
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LEVELLING. 



IHart ti)e /0tfrtl). 



CHAP. I. 

Levelling is the art of representing the inequalities of the 
earth's surface, and of determining the relative heights ofany 
number of points above or below a line, equidistant, at every 
point, from the centre of the earth. This line is what is under- 
stood by the term — a level line ; it is that line which is assumed 
by water when at rest. 

The instrument, used for the purpose of levelling, is called 
a spirit level. 

SPIRIT LEVELS. 

Description of the ustuil kinds. 

The spirit level is merely one portion of almost every other 
instrument, carried out to its greatest practical perfection. The 
bubble, which in most instruments forms only a subordinate 
part in the construction, is, in this, the chief; the only object of 
the instrument being to obtain a practical tangent to the earth's 
surface, or to place the line of collimation of the telescope in a 
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truly horizontal line. Hence it is termed the spimt level — 
par excellence, 

the y level. 

The Y level consists, like other instruments, of its parallel plates 
with their two pairs of conjugate screws, of its telescope, and 
its spirit level beneath. The telescope stands upon Y's, as in 
the case of the Theodolite; and has, also, like that instrument, 
its milled-head adjusting-screw for the object-glass ; and the 
moveable eye piece for neutralizing the parallax. The cross 
wires, however, are not arranged the same way as in the Theo- 
dolite ; one horizontal and two perpendicular wires being used 
instead. By this arrangement you are enabled to ascertain, 
whether the staff Is perpendicular or not 

The bubble here, also, is furnished with its capstan -headed 
screws, for making it parallel to the axis of the telescope, verti- 
cally and litterally. 

There is also a contrivance for raising or depressing one of 
the Y's, or supports, on which the telescope rests, so as to have 
the axis of the telescope always at right angles to the axis of 
the instrument 



Ad^tmeMs. 

I need only repeat, that, for the line of coUimation (the two 
first adjustments are similar to those of the Theodolite), the 
telescope must be turned round on its axis, that the intersection 
of its wires may always intersect one point, this adjustment 
will be found fully explained in the description of the Theodo- 
lite. The adjustment of the second liability to error, in the 
non-parallelism of the level and the telescope, is obtained as 
before, by reversing the telescope in its Y's. These two ad- 
justments must be completed first Afterwards 
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To make the axis of the telescope always at right angles to the 
axis of the instrument ; in other words^ to secure the line of colU" 
motion being perfectly level in any portion of a complete revolution 
of the instrument* 

Set the telescope over any pair of conjugate screws,and make 
the bubble level ; turn the instrument, till the telescope be 
over the conjugate pair : level it in this position ; then turn it 
back to the first pair, and correct for any error that may have 
arisen from the last levelling, and continue till the bubble be 
central over the two pairs of conjugate screws; then turn the 
instrument one half revolution round, and, if the bubble still 
remain in the centre, the instrument is in adjustment ; if not, 
the error can only be occasioned by the axis of the bubble, or, 
which is the same thing, the axis of the telescope not being 
truly perpendicular to the centering of the instrument 

To correct this error, raise or depress the moveable (Y) 
support by the milled-headed screw beneath, until the bubble 
be brought half-way to its proper position, and cosrect, for the 
other half, by the parallel screws. By repeating the correction 
two or three times, the greatest accuracy will be obtained. 

It is necessary to examine the adjustment every morning 
before starting, and it should be seen to at every observation, 
though it will scarcely require re-adjusting the same day. 
I should observe, that there is, or ought to be, a cap over this 
adjusting (Y) screw which should be carefully kept on. 

The worst of this instrument is, that it soon gets out of ad- 
justment even with the greatest care^ 

There are S3veral kinds of levels — Troughton's, Gravatt's 
the Y., &c. : all good of their kind, and each, perhaps, more 
fitted than the rest for some peculiar kind of levelling. 

In Trial and Check-levels, I would recommend Gravatt's 
Dumpy, or Troughton's improved; being calculated, by their 
lightness and non-tendency of disarrangement, to get rapidly 
over the ground. 
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For the Main sections, at every two chains, I should prefer 
the Y level ; and for the putting down the rails, the formation 
of roads, and all work where accuracy, and not expedition, are 
required, I should decidedly give it the preference. 

There is one fault I have found with most levels, that the 
tube of the telescope is not long enough, to admit of reading off 
the staff within short distances ; few reading mthin half a chaiu. 
Having had placed, for myself, in addition to the extending 
tube at the object end, another at the eye-glass to remedy this 
defect, I have been enabled to read vrithin three yards ; to this 
inner tube, of course, was attached the diaphragm of the cross 
wires and the lengthening eye-piece. 



troughton's improved. 

This level does not stand so high as the Y, and is therefore 
more steady ; at the same time, that being more simple, it is 
less likely to get out of adjustment 

The levql in this instrument is not detached from the tele- 
scope, but is imbedded into it, being made by the instrument- 
maker as nearly parallel to the line of coUimation, or optical 
axis of the instrument, as possible. It may as well be observed 
here, that this optical axis, is simply the line that the observer 
reads by, that is, the line running through the centres of the 
object and eye-glass, and the horizontal web. 

This line, however, must not only approximate to, but must 
be adjusted perfectly parallel to the bubble. 

There are three ways by which this can be done ; firsU by 
means of a natural level line, or surface of a sheet of water. 

Drive two stakes down by the side of the water, about 6 
chains apart, until the tops of them are just level with the water. 
Place the level over one, and measure carefully the height 
of the horizontal web in the telescope above it ; say it is 6 
feet. Set a staff up on the other stake, and read off from the 
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^taffy where the horizontal web intersects it. If the line of col- 
liniMion is correct, this will be 5 feet ; should it read either 
more or less, the small screws at c and rf, must be turned, the 
one set up, the other down, until the reading is exactly 5 feet, 
when the error will be adjusted. 

This method, however, is not as good, as placing the instru- 
ment outside the staves, and altering the screws (the method 
will be seen below) till they both read alike. 

Secondly. Where no water or natural level is near. 
1st by one staff. 

Drive two pegs, about 6 chains a pait as before, into the 
ground. Set the level over the one (a) measuring the height 
of the line of coUimation as before, and read off the staff on the 
other {b). Let the height of the level {a) be 5 feet, and the 
reading {b) of the staff, 7 feet, that is, let (a) be 2 feet higher 
than (by 

Now reverse the arrangement, and let the level be placed at 
{b)y and the staff at (a), and take the height of the level and 
the staff reading as before. If their difference be two, the col- 
limation is correct ; if not, first let the difference be less than 
two, the telescope therefore points too high*, and as it 
pointed too high also, the previous time, and in the same 
ratio, and to the same distance (but which was not then known), 
this difference is double the error. Say now that the telescope 
stands 4 ft. 10 in., and the reading on the staff is 3 ft. 2 in. — the 
difference of which is 1 ft. 8 in.,or 4 inches less than before — half 
this or 2 inches, deducted from the 3 ft. 2 in. as too high, or a 
reading of 3 ft. on the staff (the level and staff remaining un- 
touched) will be the true line of coUimation, Make it read 
3 feet, and the instrument is in this respect adjusted. 

Thirdly (with two staves). Drive two stakes down as before, 
say, about four chains apart ; A and B ; and consider the stake , 
on the left to be A, that on the right, B. Place the level out- 
side the stakes; first, on the side of A, then on that of B, and 
at the distances of one chain from either ; and levelling the 
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instniment, find in each case, the difference of heights of A 
and B. Now, if the differences aie the same, the collimation 
is correct; if not, as the error is bothwajs, half the sum of their 
differences will be the real difference between them. Let for 
example, the first reading be 8-40 and 6*40 ; and the second, 
4*20 and 6*70; making the first difference 3 feet, and the 
second 2*50; the true difference will be 2*75; for in the one 
case, it makes the difference too great by half; in the other by 
half too small ; that is, *25 feet of error each way. To adjust 
the level, therefore, keep it in the same place, and having care- 
fully levelled it again, read off the nearer staff: say, that it reads 
4*25, then the other should read 2*75, either greater or less ; 
say, for example, greater; and therefore should read 7*00 feet 
Suppose it be found to read 6*75 feet Raise the line of col- 
limation, by means of the sorews till it reads 7*00 feet ; having 
done so, it will be found, however, on turning the level back 
to the first staff; that it will then read more than 4*25 feet 

^— Thus let L be the Level, and A 
and B the staves. Let AB = 4 chs., 
andBL= 1 ch. 

Also, let AC be the error of -25 feet, then as BL is one 
fifth of AL, Bd is one fifUi of Ac, and therefore equals 
•05. Therefore, when the farther staff now reads 7*00, the 
nearer will read 4*30, making a difference between them ^f 
2*70, instead of 2*75. 

Turn the screws again, so as to make Ac react *06 higher, 
this will then make Bd read *0I higher, and therefore make 
a difference between them of *05, which was required. The 
two readings will now be 7*06 and 4*31 having the required 
difference of 2*75. 

The following, however, is the simplest and quickest method 
of at once obtaining the reading upon the staff, to which 
the horizontal line is to be set, thus; 
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L being the instrument and 
the staff being at 1 and 6 chs* 
from it, as before : Let IJ be 
the line required ; let (a) be 
the error to be corrected ; and let a:, ar, be tl^ unknown height 
to which the line of collimation is to be raised ; then, by pro- 
portion, 

1 : a; : : 5 : x+^; or 5«=ar+a; and«z:- • 

4 

In this case x would be = 0"06i the height to which the 
nearer staff is to be raised; add this to 0*25, and yougi^t 
0*31, the height to which the further staff is to be raised. 

Having now got the line of collimation parallel to the bubble, 
the next adjustment is to make the line of collimation exactly 
perpendicular to the vertical axis ; or, in other words, that the 
bubble be in the centre throughout a complete revolution. 

Set the telescope over any two opposite screws and level ; 
turn it one quarter round, that is, over the pair of conjugate 
screws, and level again; turn it back to its first position and 
level it again ; and so on, until it is level in both positions ; 
Now, turn it one half round ; if the bubble is in the centre 
there is no error; if not, bring it half back by the plate 
screws ; and for the other half, turn the small capstan headed 
screws, which support the telescope. These, in the plate, 
have a cap over them to protect them, but they are shewn 
more fully, and on a larger scale, at fig. 3, with the cap off. 
The plate a, a, is the end view of the plate a, by fig. 1. 
(S) fig. 3, is the full view of the support or shoulder, of 
which the side view (S) is seen in fig. 1. On observing this 
fig 3, closely, it will be seen, that the two outer screws screw 
through the plate a, a, and have their ends, so as to press 
against the support (S), without screwing into it; their heads, 
it will be seen, are removed from the plate so as to admit of 
then: pushing against the support (S), and removing it still 
further from the plate a, a, than is shewn in the diagram ; by 
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these means, if the plate rt, rt, be not perfectly horizontal, the 
line of collimatioil, and the bubble, which reads it, can be 
made so exactly. The centre screw, on the contrary, passes 
through the plate o, a, without touching it, and screws into the 
support S ; it is a larger and a strongs screw than the other 
two ; its use is, when the two plates a, a, and S are placed at 
their proper distance, to screw them tight. The head of it 
should be always flush against the plate cr, a, and the apex 
of the two other screws flush against the support S; by 
these means they will be kept at their proper distances. 
When the outer screws have to be tightened, of cotu-se, the 
the centre one must first be slackened. 

gravatt's dumpy. 

This is a very excellent instrument, very light, compact^ 
and complete; from its simplicity, it requires fewer con- 
trivances than the Y, and is therefore much lighter. The 
several parts are closer together, and by being more compact, 
it is more steady. It is admitted to be as complete as any 
other instrument yet made, though I am satisfied they are 
all capable of improvement. 

The special, or rather one of the special advantages of this 
instrument, is, that from the increased diameter of the ob- 
ject glass, and the shortness of its focus, more light is ad- 
mitted into the telescope. Another is, that in case of a close 
reading being required, the longth of the rack, which runs 
nearly the w^hoie length of the telescope, when the slide is 
elongated, secures a steady and parallel motion. To this 
instrument has also been attached a moveable mirror with a 
large joint to fit on the level above the telescope, so coor 
trived as to enable the observer to note, just as he is taking 
his reading, whether the bubble has moved or not This 
miiTor is to be seen at (m), fig. 2. 
• With respect to the working parts of the instrument, the 
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dumpy priricJjyally d'rffers from the "Improved Level," by 
having its spirii level tube not imbedded like the latter in the 
telescope, but separate from it This level is generally fur- 
nished with another small level, placed at right angles to the 
larger one ; but this might also, with advantage, be added to 
the *' Improved." And the compass box, instead of being 
placed aBove the level, as in the 'Other instrument, is plgtced In 
this under it. In this respect the " Improved " has certainly 
the advantage. 

The first adjustment is to make the line of coUimation cor- 
rect, or the optical axis of the instrument parallel to' the 
bubble. 

Drive down three stakes 5 chains apart ; say at A, B, and C, 
and placing the instrument half way between each pair, find 
the several correct heights of each. Let A rr 100*00 ; 
B =z 104-20 ; and C = 102-80 feet. 

Now place the instrument close to A, and find the heights. 
If they-are the same as before, the instrument is in adjust- 
ment. For example sake, however, let the heights be 

A, 100-00; B, 104-00; and C, 102*60; that is, A being the 
constant, the reading of B is -20 lower than it should be, and 
so is that of C ; but if AB is equal to BC, which it is, both 
being 5 chains in length ; if the bubble points 20 too low at 

B, it should be -40 at C ; the 20, therefore, is owing to an 
error in the line of coUimation. To correct this, use the small 
screws at the eye-piece of the telescope^ and move the web until 
the reading at B, deducted from the present reading, becomes 
just half of the reading of C, deducted from its present read- 
ing. This will give you the adjustment for the tine of coUi- 
mation. 

The next adjustment is that of getting the telescope level. 
This is done precisely in the same way as in the " Improved." 

Besides these adjustments, there are also two or three im- 
perfections in the telescope, which are common to all levels. 
These are — 1st. The occasional indistinctness of the web, 
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arising from the interference of light 2. The uncertain posi- 
tion of the web ; reading sometimes to a difference of O'lO, 
which arises from the largeness of the aperture at the eye" 
piece, and the closeness of this aperture to the eye-glass. . 

The first imperfection is frequently called parallax, but after 
having adjusted the telescope (and the principle of the teles- 
cope is the same in tins as in the Theodolite), according to the 
rules for so doing given there, you will often find, that if the 
sun comes out aftier you have done it, the web, which before 
was quite distinct, becomes almost invisible. 

The best remedy for this, is, to put on the cap at the object 
end, and to cover partly the object-glass with the shade, as 
seen in fig. 4. You will be able to see just as much as before, 
and more distinctly ; as the interference of the stranff light 
will be counteracted 

The second imperfection is, that if you move your eye up 
and down, you will read sometimes '10 more one way than the 
other. This will be found to be the case che stronger the 
light is. The previous correction will oftentimes (but not 
always) remedy it in some degree, but the most effectual remedy 
would be this ; the eye-piece slides in and out, so as to bring 
the web within the focus of it, to suit every eye (at least it 
should do. so). I have, however, found that instead of making 
the tube in which the eye-piece slides, as short as itseli^ so as 
to suit very short-sighted persons, its own length, when 
elongated, being always sufficient to suit long-sighted ones, 
there is a quarter of an inch left between the eye-piece and 
the web, and with bad instruments sometimes more. The 
consequence is, that at times, you cannot see the web at all, 
and for this there is no remedy, except in moving the level 
which, at the moment, may be next to impracticable. 

To this eye-piece is at present attached a cap, which screws 
on, having the aperture in it ; this cap, and, the hole through 
which you look, is therefore, at a fixed distance. Now this 
distance is made too small^ and the eye aperture too large. 
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It wUl be easily understood, that the web being fixed, the nearer 
the eye is to it, the greater will be the angle, under which 
any error in the position of the eye will be read, and also, the 
larger the aperture, the greater the error. It is not possible to 
keep the eye in one place, the immense distance of the staflF 
jfrom the web, in comparison of that x>t the web from the eye^ 
multiplying as it does, shews the slightest change. It must be 
remembered, that this is also much affected by the state of the 
atmosphere. Taking all these things into consideration, I would 
suggest the following to instrument-makers as a remedy : viz. 

To place one end of the eye piece as close as possible to the 
web, flush with it — it can if necessary be pulled out to its full 
length — ^upon this eye piece, to screw on the cap, as at pre- 
sent, but to make it twice as long as it is, and to extend the 
screw which works into it, further down the tube, so that the 
cap can be further elongated if necessary. The eye aperture 
should not be above one quarter of its present diameter. 

Where this error to exist in the telescope of the theodolite, 
the instrument would be comparatively valueless. There, how- 
ever, the eye-glass is fully twice the distance firom the cross 
web, to what it is in the spirit level, owipg probably to the 
levels generally reading inverted. 

BrecJdng ofwehs^ how to replace thenu 

In case of any accidental breaking of the cross webs in the 
country, where it is difficult to have them repaired, the sur- 
veyor had better become acquainted with the method of doing 
it himself. 

The simplest plan, perhaps, if you can get a spider's web, 
is to suspend the spider in the air by his web, and wind the 
web round a fork or piece of card board. This can be done 
at any time and kept by you, until you want it. The inner 
tube to which the web is affixed can be easily taken out, and 
this web fastened to it by a little gum. 
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Where a spider's web is not to be obtained, a very fine skein 
of silk or a thin hair will do instead, until you have an/oppor- 
tunity of doing it properly. 

Levelling Staves. 

These are generally made from 12 to 16 feet high, divided 
into feet, and tenths of a foot, and again subdivided, for facility 
of computation, into hundredths. 

The method of arranguig this subdivision, constitutes the 
difference between the several staves in use. 

Some persons prefer one kind, some another ; the reader 
must therefore choose for himself. There are Sopwith's, 
Gravatt's, Co wper's, Stephenson's, &c. The one I myself prefer 
is, that, which I believe goes by the name of Stephenson's: and 
was first used on the London and Birmingham railway. The 
mode of arrangement is this, the hundredths are obtained in 
the same way as in the common ivory protractor ; the tenths of 
a foot through the whole length of the staflP are bisected, mak- 
ing the two divisions " twentieths " ; arid these division lines 
extend the whole breath across the staff; the opposite ends of 
these lines are connected by diagonal lines, each one with its 
preceeding, viz.,— the left of No. 1 with the right of No. 2, 
the right of No. 2, with the left of No. 3, and so on. And five 
vertical lines are drawn along the whole of the staff, which 
thus divides each of these diagonal lines into five equal parts^ 
each being the fifth part of the twentieth, or the hundredth of 
a foot 

The feet are distinguished by large red figures ; the tenths 
by black, with a large full point at every '5, 
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CHAP. IT. 



CORRECTION FOR CURVATURE. 

As the lines obtained by reading off the staves, are only level 
lines for very short distances, being, in fact, tangents to the 
earth at the several points of observation, and not their cor- 
responding arcs, which are the true levels, the nature and 
value of this error had better be at once explained, as well as 
the practical methods adopted to dispense with the correction 
altogether. 

Let ABD be a portion of the 
earth's circumference, whose 
centre is C. Let BE be any 
level distance of the instrument 
(f), the true level line will be 
BD, and the error between the 
apparent and true level will be 
the versed sine BF. 

When the distance BE is great, this versed sine must be 
calculated by trigonometry, but, for the usual distances of ob- 
servation by the spirit level, DE, or sec. rad., can be safely 
taken instead. 

Now CBE is a right-angled triangle, and therefore 

r^+2rx+x^=r^'\ V- 

throwing x'^ away, as indefinitely small, in relation to 2rx, we 
have 

2rxz=:t^ 




and 



ofzz--, or 
2r 
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the error x = the square of the tangent, divided by twice 
the radius; and, as this divisor is a constant quantity, this 
error is proportionate to the squares of the distances. 

The mean diameter of the earth is 7*916 miles ; for one mile 
distance, therefore, we shall have x zz ^^^ miles, or 8*004 
inches; for two miles distance, four times that quantity; for 
three miles, nine times. Throwing away the ^^^^ of an inch 
as immaterial, the error of one mile's distance is 8 inches 
or f of a foot; for two miles, f *4 feet ; for three miles, |*9 
feet, &C. ; or x in feet =r f • (distance in miles) * ; which for- 
mula may be easily remembered. This value of x would not 
be sufficiently correct for many miles. Referring to the 



equation r -|- x = r*-f ^*, the value would then be 

x= Vr^+t* 



Example of applying this correction. 

Placed a spirit level at any point B (see fig. pag. 191), 
on the earth's surface, and found the point E, at 3 miles 
off, to be on an apparent level with the point B. What is 
the comparative height of the object E ? 

Now, BE is the apparent level, and BD the true level, 
B and D being points equidistant from the earth's centre. 
DE (x) is the height of E above B, which, in feet, equals | 
the distance (DE, in miles)8« =z 3« xf = 9 Xf = 6 feet, the 
height of the object E, above B. 

The apparent height, therefore, of every distant object, 
as observed by a spirit level from any point, is always kss 
than the true height, by this value of («), for the curvature of 
the earth. 
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CHAP. III. 

REFRACTION. 

There is also, in long observations, another correction neces- 
sary, arising from the eflfects of the density of the atmosphere, 
in refracting the rays from the object, which makes the apparent 
greater than the true height. The correction, therefore, must 
be subtracted from its apparent height 

Refraction increases the distance at which objects can be 
seen (cseteris paribus), in a proportion of 14 to 13, and raises 
the apparent height one-seventh of its correction for curvature. 

Thus, in the last example, ihe object observed at a distance 
of 3 miles was apparently level with the instrument, but the 
correction for curvature being 6 feet, the height (independently 
of the subsequent correction for refraction) was 6 feet. Now 
^ of 4 = ^feet=: lOf inches, which is the correction for re- 
fraction, and therefore 5 feet 14^ inches = the true height of 
the object, allowing for both corrections. 

Examples. 

1st — The observed height, of three objects, above the point 
of observation, at a distance of 4, 6, and 8 miles (calculated 
from observations taken by the theodolite), were found to be 
respectively, 24, 25, and 28 feet What are their true heights? 

Ans. 33i, 454 and 64 f. feet 
2nd. — Found the angle of elevation of the spire of a church, 
which was 420 chains 75 links off, to be I'' 10'. What is its 
real height above the point of observation ? 

Alls. 58 If feet, 
o 
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CHAP. IV. 

SIMPLE LEVELLING. 

SiMPLB levelling is merely the determining, by one observation, 
the relative heights of two given points. 

Thus, supposing that it is required to ascertain, in the ac- 
companying diagram, whether there was sufficient fall of water 
between that part of the river at A, and that at B, to turn a 
grist and sawmill at B. Place the level at C, between the 
two stations, and find the first or back reading 0*45 feet, and 
the forward 11*52 feet; let the back distance be 2 chains, and 
the forward distance 20 chains. Now, were there no correction 
for curvature or refiraction, the point B would be 1107 feet 
lower than A As the forward distance, however, is so much 
greater than the back one, both these corrections must be taken 
into account 






A 
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The back reading 0*45 feet, as it is at the short distance of 
2 chains, will require no correction for curvature or refraction. 

On the other hand, the forward reading, being at a distance 
of 20 chains, must be corrected for both. 

Now correction for curvature (x) equak in feet ^ of the distance 
squared in miles ; 20 chains equal i mile; therefore x j=:|*-f^ 
of afoot^iTp^^ foot, ==-0416 feet for the correction for curvature; 
that for refraction is so small as not to be worth noticing. 

This must be subtracted from the apparent difference of 
reading, and you obtain the true difference : thus, 

the observed reading is 11*52 feet 

subtract correction for curvature «0416 



there will result 11*4784 feet for. 

the true forward reading. 

11*478 feet for the forward reading 
0*45 feet the back reading 

whence 11*028 feet is the true difference between them 
or the point B is 11*03 feet under the point A. 

If the refraction, small as it is, be taken into account, then 
add, for refraction, | of -0416, or *0059, and true height of 
the water at A, above that at B, is 11*034 feet 



As in this case, to obtain the true reading, the correction 
for the curvature has been subtracted, and that for refraction 
added, which is the reverse of the preceding rule at page 192, 

we had perhaps better investigate the subject a little more 
fully. 
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CURVATURE AND REFRACTION 




Let AB be a tangent line to 
the earth, at the point A, being 
the apparent level line ; let Aa 
be the apparent level and AQ be 
the true level, and /3 the corre- 
sponding point to a. Let C be 
any object above the apparent 
level line, and b any object Be- 
low the same level line. The 
object above would be observed 
by the theodolite, those beneath 
(for short distances and for the common purpose of levelling) 
by the level staves^ Let aC be the distance above AB being the 
positive height (4-A), and ab the distance beneath, which will 
then be (—A). Now «C is the height above the line AB, and 
/3a C, the true height, therefore (ia+aC or (+A-|-aj3) is the 
true height of the point C, above A. 

On the other hand, ab, the reading by the level staff, is the 
distance beneath the apparent level line AB, but the true line 
is AjS, and 5/3 is the true difference of levels between A and 5, 
and which is, therefore, equal to ( — h + B), or the difference 
between the two. 



Again for the refraction. 

As refraction raises the apparent above the true height of 
an object, its correction must always lower the apparent height 
(it is therefore negative — r). 

K the object be above the apparent level, the error for re- 
fraction must be subtracted from the apparent height, thus 
(A+C — r), where -|-C is the correction for curvature, and r 
is that for refraction, when these values are positive. 

But, if the object be below the apparent level, we have 
( — A+C — r), that is, the curvature (which is the only positive 
value) must be subtracted, and the refraction must be added. 
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to the 7icgative value of h, which still remains negative^ or 
beneath the apparent leveL 

Generally, therefore, let the reader bear in mind, that the 
correction for the curvature raises the object, and that for re- 
fraction depresses it, reducing or increasing its distance from 
the apparent level, according as the object is above or below it, 
I. e.y has been observed by the Theodolite, or read off by the 
level staves. 
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CHAP. V. 

COMPOUND LEVELLING. 

As the necessary calculationfor curvature and refraction would 
be exceedingly tedious^ in extensive opercUions^ the foUawing me-- 
thod renders them altogether unnecessary. 

Set the level in the centre of the object^ as nearly as the eye 
can telly and these corrections for both objects become equal 
and opposite, and therefore neutralize each other. The appa^ 
rent level, being always parallel to the chord, that connects two 
objects, equidistant from the place of observation, must, there^ 
fore, have the same versed sine. 

To find the difference oj levels between several points, or to trace 
a sectional line of the inequalities of the earth* s surface. 

Let ABODE be the line to be traced. Set the level (L) 
between the object, and read off the height Aa and that of B£, 
the difference between Aa and Bi5 will be the number of feet 
that B is higher or lower than Aa ; if Hb be greater than Aa^ 
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the point B will be the lower (by this difference) than Aa ; for 
the height, read off by the level staff, is the number of feet that 
each point observed is Beneath the level of the line of coUima- 
tion of the telescope — hence, where there is a number of points 
beneath the same level line, the greater the reading of the stafi^ 
the lower this point must be. 




Then, because, in the first observation, the height at B 
(read by the level staff) is greater than that at A, the point B is 
lower then the point A. Again, in the second example, 
where, it must be observed, another line of collimation is taken, 
because the height by the staff at C is greater than at B, the 
point C is lower than R In the third observation, also, D is 
lower than C, and C being lower than B, and B than A, the 
ground falls thus far. At the next observation, however, be- 
cause the height at D is greater than that at E, the point D is 
lower than E, and, therefore, E being higher than D, the 
ground rises to E, and as the readii^ at E is greater than at 
F, it goes on rising to F. The relative heights of the two ends 
of the line, at A and F, depend upon whether the ground falls, 
more or less, from A to D, than it ri&es from D to F. 

Now, the difference between the reading at B and A, in the 
first observation, added to the difference of readings at C and 
B, in the second observation, plus the difference between D 
and C, in the third, as there is continued descent to the point 
B, will give the actual fall from A to D, or the number of feet, 
that the point D is lower than A. In the same way, the sum 
of the difference of readings of D and E, and of E and F, in 
their respective observations, will be the number of feet F is 
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higher than D; if^ therefore, the &11 from A to D^- be greater^ 
than the ascent from D to F, the difference will be the actual 
fail from A to F, or the number of feet that the point A is 
higher than the point F. 

The following example of keeping the field book will, it is 
hoped, enable the learner to understand clearly the principle 
on which aU levelling is conducted 



CHAP. VI. 

TflFPlELDBOOK. 

tVith tlus means of obtaining the reduced leveU. 

Divide the ^age into the several columns, as in thci 
example of the n^d notes of a portion of a line of rail- 
way between Hereford and Harden, commencing near 
Hereford, at a point which is carefully described, and can at 
any time be easily ascertained, being on string course 
(taken in the centre), of the Canal Bridge, on the road from 
Hereford to Mordiford close to where the line crossesi 

This point was assumed to be 100 feet above an imaginary 
level, to which the heights, at the several points on the line, 
bear reference, which is called a datum line* 

This point might have been considered zero, but as, when- 
ever any other points were below this, their height would be 
negative, the constant changing, from positive to negative, 
would have been productive of considerable trouble and ipro* 
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bable error, especially to persons not fully conversant with 
Algebraical calculation. 

The height of the point of Htarting is put in the column of 
reduced levels, 100-00 feet, and the B. M. in the column of 
distance, shows that it is a Bench Mark. The instrument is 
now placed between this point and the next favourable station, 
(not exceeding in any case 6 to 8 chains from the level to the 
station) on this occasion the distance between the ttoo stations 
was 1*50 chains, and the back reading was found to be 9*96 
feet, and the forward reading 6*38. 

These are placed in their respective columns. Between 
these two, however, there were two other (intermediate) ob- 
servations: viz. 10'85, the centre of the road from Hereford 
lo Mordiford, where the line is intended to begin, and 4*81, 
the surface of water in mill pond. 

Now, in order to obtain the reduced levels (which are the 
actual heights of each point respectively above the assumed 
datum line, to which they all have reference), of these obser- 
vations, as the backset reads less than the immediate, the 
ground is- lower than the B. M. and the difference between the 
two readings (0*89) is placed in the column of "FaUs,^^ Again, 
because the next intermediate reads less than this, the surfisice 
of the mill pond is higher than the road, and the difference 
6*04 is put in the column of ^^ Rises.^ The foreset, however, 
reads more again, the next difference 1'57, therefore, is put in 
the ''Falls.'' 

The height of the ground, where the instrument was placed, 
of course is not known. The instrument was then removed 
to between the second and third station, and the staff turned 
round, when a second reading of each was taken, and placed 
in their proper columns. The last reading being greater, the 
ground now falls and the difference (3*76) is placed in the 
column of falls and its distance {always from the starting point) 
is marked down. 

The rises and falls are the differences at each point of its 
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own and the preceding height, and denote whether the ground 
has arisen or fallen between any two consecutive points. By 
adding, therefore, each rise to the preceding actual height, we 
obtain the actual height or reduced level of the point, and by 
deducting this difference where there is a fall, we also obtain 
the same result 

Thus, at a centre of the road, the intermediate backset 
being greater than the 0*89, is placed in the column of falls, 
which, subtracted from 100*00 the reduced level at the starting 
point, gives 99*11, the reduced level at this point. 

The next observation which is an intermediate, is 604 higher 
than this ; this 604 must therefore be added to the preceding 
reduced level 99*11, making the present reduced level 105*15; 
the next one, by subtracting 1*57 which is a fell, becomes 
103*58. 

It must be observed generally that there should be no foreset 
without its distance. All B. M's of every kind — the surface of 
water ^ — in rivers and drains^ — injields^^onbanks^ — ^and every 
height taken for the purposes of illustration, are generally made 
intermediate. 

Having filled the page with the observed backsets, interme- 
diates and foresets, add up the foresets and backsets, their dif- 
ference should be equal to the difference between the sums of 
the rises and falls; it should be also equal to the difference be- 
tween the assumed datum line and the last reduced height 

Having these three checks, there is no possibility of error 
when they all agree, and in all cases every page must be so 
tested. 

Before calculating the reduced levels^ as any error in the rises 
and falls must induce the same error in the reduced levels, ob- 
serve first, whether the difference between the rises andfalls is the 
same as that between the sums of the backsets and foresets ; you 
can then safely proceed to the calculations of the reduced levels. 

Observe, in placing the different readings, that, in the first 
line in the column of reduced levels, must be placed the 
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assumed height of the starting point above the datum line; col- 
lateral with this must be a fiill and clear description of the 
exact locality of the starting point (Consider that you are 
describing the place to a perfect stranger, who has never been 
on the spot before.) 

On the next lower line, the first back reading must be placed, 
and collaterally with it, in the same fine, the next reading. 
If this reading is not intended to be the badcward station to 
the next observation, place it in the intermediates. If it is, place 
it in the colunm of foresets, collaterally with the backset, in the 
same line. Observe, that every line in the reduced level must 
have a given height, and that to each of these heights, in the 
column of distances, there must be a distance given, or an 
observation of some kind 

The reason of placing the foreset in the same line as the 
backset is, that the hei^t of each backset point is the height 
of the preceding foreset, and that it is the difference between the 
actual backset and foreset upon the same line, that gives the 
height of the latter. 

In calculating the rises and falls, take the difference between 
the two readings in the same line, when the one is a back 
reading, and the other, intermediate or foreset, and place the 
difference in its proper place, in the same line. Then, if the 
next reading be an intermediate, it will be placed under the 
preceding intermediate; the difference between these two 
intermediates must be placed in the same line as the latter, and 
so on throughout any nmnber of intermediates. After these 
intermediates must, of course, come a foreset point, before the 
instrument can be removed, which foreset becomes a backset 
point of observation at the next placing of the level. The 
difference must be taken between this foreset and the last pre* 
ceding intermediate, and placed coUaterdly in the same Hne 
with the foreset. The better plan perhaps, is to consider each 
backset and foreset to form a link in the chain of levelling. 
These links are entirely distinct : in each link find the diffe- 
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rence between any observation and its preceding one5 whether 
backsety intermediate or foreset, and place these differences in 
the proper columns. 

This closes one portion of the line of section, and another is 
commenced that would be, as I before said, totally uncon- 
nected with the former, were it not that the last point in that 
becomes the first point in this. 

Collaterally with the reduced levels, if these levels refer to 
bench marks« write B. M. in large characters in the column of 
distances, (or they may have a separate column for that purpose,) 
and the nature of it under the head of remarks. 1£ the reduced 
levels refer to points taken out of the line, which is frequently 
the case in trial levels to avoid obstacles, write '^out of line " ; 
also, in the colunm of distances, carry the distances on always 
fi*om the starting point to 80 chains, and, if an observation be 
taken at that point which should be done if possible, write 
1 mile against it, and begin the chaining afresh. Continue to 
another 80 chains, marking this point 2 miles ; begin here again 
also, and proceed as before. 



CHAP. VII. 



TRIAL LEVELS. 



In carrying out these levels, the only information frimished 
the leveller is the general route marked down upon the 
Ordnance Map. 

In most cases, two or three different lines are levelled, in 
order that the engineer may select between them ; and some 
engineers have at the same time, cross sections taken at cer- 
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tain intervals, so as to obtain all the requisite data for making 
a good selection. This may be, however, like many other 
good things in themselves, carried to an extreme. 

The young leveller being furnished with the line, should 
at once proceed to identify it, by carefully measuring with 
a scale, upon the map the distances to the nearest comer 
of the several points where the line crosses the road, and de- 
termining these points upon the ground. 

With respect to the practical carrying out of this, there 
seems to be considerable difference of opinion, as to the 
quickest and cheapest mode of so doing. Some, and I 
am myself of their opinion, advocate the propriety of working 
with two staves, and having an assistant whose sole office 
is to range and prepare the line for you. Others, on the 
contrary, consider that both the extra staff, and the assistant 
may be economically dispensed with, without materially delay- 
ing the progress of the leveller. 

The whole difference of opinion hinges upon the extent of 
the delay^ That the country may be oftentimes such as to be 
traced by a very good and experienced tiand while levelling and 
that the localities may be in many cases easily distinguishable, 
I readily admit, though I must also, on the other part, main- 
tain, that the contrary is frequently the case, that not only is 
the leveller frequently puzzled to find out his course; but 
that oftentimes he does not discover his error, until he has 
been some quarter of a mile or more out of his line. I say 
nothing of the greater liability to error where the attention 
is divided; though, fix)m my own experience, I am con- 
vinced that it is no easy matter to level over the exact 
route as laid out upon the Ordnance Map, when the locali- 
ties are not very decided, and at the same time to level cor- 
rectly. 

However, it does not always happen, that the party who 
does the work, has the alternative allowed him ; in that case 
he must do the best he can ; and that best is, after all, vir- 
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tually to adopt the plan I suggested, by leaving himself 
every evening an hour or two to get two or three miles 
ready ranged for the following day. Great time, there is 
no doubt, may be saved in this, as in all other matters, 
by judicious arrangement ; and herein lies the difference be- 
tween the young and the old leveller; the former, after he 
has left off work, thinks no more of it till he resumes it the 
following day ; the other provides regularly of an evening 
for the judicious disposal of the next day's time. 

If you are working up to your inn, leave off a little sooner 
and trace the line on your way home in the evening ; and in 
the morning get upon the line at once, and follow it back till 
you join it to the place you finished tracing it to the evening 
before. In this way you have plenty of work laid out for the 
day, and you can go a-head rapidly. 

If you are working away from your inn, range on the line 
from where you left off, for two or three miles (till you come 
to some well defined locality), and level the reverse way back 
again. You will only have to keep two field books; the 
usual one (No. I), in whicb all the onward levels are taken 
and this (No. 2) for the backward. These latter, as soon as 
you have levelled back to where you had arrived in the pre- 
vious levels, can be easily transferred to No. 1, by beginning 
at the bottom and copying the No. 2 into book No. 1, making 
the foresets backsets, and the. backsets foresets ; the interme- 
diates will of course remain as they are. With respect to 
the plotting, should the distances have been chained (which 
is not always the case in trial levelling) lay off the total 
distance, and measure the distances backwards ; their heights 
will of course be the same. 

A great deal of time is also lost, by young men, in their 
trial levels, by the quantity of luggage they take with them. 
When four miles at least are expected to be done, and in 
many cases may be done in a day, and that in a straight direc- 
tion, as the crow flies, it rarely happens that you can sleep 
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twice in the same house, without having four or five miles to 
walk to your work in the morning ; and the same distance 
or more perhaps, home again at night With three good 
hands, you might easily arrange one to carry a small knap- 
sack, and another to strap the level box to his back ; and the 
third might take his turn to relieve the other two. This is 
where you have but two chainmen and a staff-holder; if using 
two staves it would be still easier. 

Much ground might be soon got over in this way ; and it 
would not be compulsory upon a leveller to leave off at a 
fixed and early hour, to be in time for a conveyance back 
again to his inn, with the alternative of having perhaps half 
a dozen miles to walk after dark if he returned; or, if he went 
on, though perhaps with not a dry thread upon his back, of 
not having a change ready for him when he reaches his restmg 
place. 

Experience only can give you a clear idea of the inconve- 
nience of having too much luggage with you, when out 
levelling. The only conveyance, perhaps, the carrier's cart 
once a week, left the day before you arrived, does not, even 
if in time for it, probably go straight to the place you desire, 
but is two days on its rounds, and leaves its parcels at the 
place you want to go to last. Some fidnt idea may be enter* 
tained of the importance that I myself personally attach to 
this; by this single circumstance, that I should never think of 
employing any one in levelling, who was in the habit of taking 
much lu^age with him. 

Another important point in trial levels is ajudieiaui sekctian, 
and accurate description of proper B, JUTs. When cross roads 
are within one or two miles of each other, the B. M's. taken 
upon them for the purpose of the cross sections will be near 
enough. Where they are further apart, some intermediate 
bench mark must be taken. With respect to the cross roads, 
the lower hinge of the nearest gate should be taken, unless some ~ 
other more desirable B. M. should present itself. These B. Ms. 
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should be carefiillj sketched in^ thus; as in the annexed 
diagram: 




AB gives the position and direction of the Main line ; and 
B. M. 2, the position and number of the bench Mark, being 
numbered according to the number of the cross roads : so that 
the 5th cross road» should have a B. M. No. 5, and so on. All 
intermediate B. Ms. should be lettered 5a, 5B, 6a, 6b, depend- 
ing upon the numbers of the cross roads on either side of them. 

The plan should also be numbered with the corresponding 
numbers placed in their right places. Too much care cannot 
be taken in properly selecting and carefully describing these 
B. Ms. Another person has frequently to " take up " your 
B. Ms., for the finding of which» he has to depend entirely 
upon your notesi, which ought to be made perfectly clear and 
intelligible, so that no one could possibly be mistaken as to what 
they referred. 
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CHAP. VIII. 



CHECK LEVELS. 



These, strictly speaking, are taken solely for the purpose of 
of testing other levels, by levelling again between certain fixed 
points, and determining their respective heights. They are 
usually taken more for the purpose of determining any con- 
siderable error such as may affect the Bill, than for any greater 
accuracy. Generally, they are very roughly taken, and being 
so, however much the parties taking them may, as they fi:e- 
qnently do, intend them to check some 20 or 25 miles to afooty 
and question the correctness of more carefiil levels, if these 
check levels differ that amount from them: they are only use- 
ful for the former purpose. How young men can fancy, and 
from my own experience among them, I know they do, that 
levels taken with the instrument placed any where between 
the staves, and with dbtances as long as they can read them, 
are good for any thing beyond an approximate check, is to me 
astonishing. Not that I think they are to blame so much as 
their employers. Quantity, not quality, has been the order of 
the day in this work, and he has ever been the best man, who 
could read off the longest sights, and run over the mreatest 
distance in a day. Last year certainly, if not profiting from, 
at least compelled by, past experience, and dear bought proof 
of the inaccuracy of this mode, a different plan was among 
some parties adopted. 

The levels were taken along the High Roads that ran 
near the line of railway firom mile post to mile post, with two 
levels side by side : and, where the Turnpike Roads were too far 
off, then by the nearest Occupation or Bridle Roads; B.M's. 
being always taken within every two miles. 
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These, as well as the mile posts, which, of course, had their 
own particular designation, '^ being ^uch a milejrom so and so,^ 
were aU regularly numbered. The readings also, besides being 
carefully checked at every observation, were compared at every 
B. M., and if found to differ above t^^ or .04 of a foot were 
gone over again. 

Check levels should be carefully distinguished from trial 
levels. The latter cannot be done too carefully ; and all the 
rules given for insuring accuracy should be strictly called into 
use in taking them ; especially, that very important one, of 
always placing the instrument in the middle between the two 
staves. 



CHAP. IX. 

FINAL LEVELS. 

By the tetm finals I mean the last levels previous to deposit^ 
ing. The levels taken after the Act is obtained are generally 
called ^' permanent^ levels. 

I have given an e:^ample of this kind of levelling in a subse- 
quent Chapter, being a portion of a proposed line from " Here- 
ford to Marden". To these I shall refer the readelr for illustra- 
tion of the remarks I may have to make respecting the best 
mode of conducting the Field Book. 

At starting, the chief thing is to secure a good B. M., such 
as can be unobjectionably referred to, as a standard of refe- 
rence for the DATUM line. 

Several bills have been lost solely from imperfect standards 
of reference. The necessity of the point, to which all the levels 
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bear reference, being clearly defined and not easily mistaken^ 
n\u8t be admitted to be g^at, and serious injury might be done 
to both public and private interests, were this point so vaguely 
described, as to admit of a range of some 5 or 6 feet In the 
present case, had the description stopped at the word ^* bridge'', 
and the bridge happened to have been a long one with a steep 
approach, there would have been a difference of some two or 
three feet, according as the staff had been placed upon the 
string course at the foot pier^ or over the centre of the bridge. 

The description in that case would have been imperfect 
and as it might have been so described purposely, or might 
have been misapplied afterwards, most probably an objection 
would have been taken to it, by the Opposition in Committee ; 
and it might have shared the fate of many others, that I have 
alluded to. I would particularly impress the importance of 
this remark upon young Levellers. For I have sometimes had 
to send parties back from London, solely to take half a dozen 
levels to get a good point, from their not having taken sufficient 
care in the first instance in their own choice of one. 

It may be depended upon, that in the description of a datum 
line, it is better to be too verbose, than too concise; the 
former may reflect upon the engineer; the latter may throw 
out the bill. 

In the year 1840, there was rather an amusing illustration 
of this, in the case of a line, in which the datum line was referred 
to the ^'soffit'" of a bridge, several Engineers on either side, 
asserting and denying the strict and unambiguous meaning of 
the term ^^ soffit^. The one side limiting the word to the in- 
trado of the key stone ; the other extending it to the whole in- 
trados of the arch, from springing to springing, having a versed 
sine or rise, perhaps of 7 feet, to the crown of the arch. It 
is not for me to decide where "doctors disagree," but it would 
have been easy to have said soffit at the crown; this might 
(though I think not) have been unnecessary, but would not 
have been disputed. 
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Having decided upon this first point, the levels may be 
proceeded with. 

When practicable, tracings of the survey, with the line 
marked upon them, should be furnished the leveller. Having 
these, he should either range the line first himself (as fully 
explained in the trial levels), or should be accompanied with 
an assistant to do it for him. My own opinion is in favour of 
the latter, as being certainly more expeditious, and as cheap. 
The assistant, who could of course proceed faster than the 
leveller, can be left to take the cross Sections of the roads. 

I would also recommend that these final levels should be 
taken with two levels, side by side, as in the check levels of 
last year. For the further consideration ofthisy see page 223, 
&c. It is the only safe plan, and looking at the consequences 
of a single error in the reading of the red figures, I am sur- 
prised it has not been more generally adopted. It may be 
said, it is a matter of opinion: I think not: it may be made 
so, and so may every thing : time and experience however, 
generally settle these matters of opinion; and I have no doubt, 
they will do so in this case. The man who still uses the sliding 
vane levelling staff, when every man of experience of the 
present day has long abandoned it, considers it *'a matter 
of opinion ^ ; and, deeming himself to have as much right to 
have an ^* opinion" as any body else, clings faster to the 
prejudice of his youth, and goes on in his old way still. 

When two levels are used, it will of course be necessary to 
use two staves, as in case of finding any discrepancy in the 
rise or fall of any observation between one level and another, 
if the back level has been removed to become the forward, the 
observation can not be repeated. 

This being the case, it might be necessary to refer to the 
matter of opinion entertained by some, of its being better to 
use one staff than two : the reason they allege, is, that it is 
seldom that two staves are exactly divided alike. 

There is no question that this is the fact; it cannot be 
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avoided; but what follows? Let there be two staves, A and 
B, A being one inch longer than B. K B be the back staff, 
then, A being longer, will give the forward point lower than it 
should be : the same point, however, becomes the next back 
station.; and from the same staff is taken the next backward 
reading ; this reading, therefore, will be greater than it should 
be in proportion to the next forward one. The last forward* 
and the present back reading being greater, and the errors 
equal, they will correct each other. In fact, wherein does this 
differ from a perfect staff being placed, not upon the ground, 
but in a hole or rut The only consequence, that would result 
from this unavoidable disagreement between the staves, would 
be, that if on resuming work in the morning, the staff A was 
used, when the work was left off the night before with the 
staff B, there would be a difference, not of an inch, but of a por- 
tion of an inch only* There might be this amount of error 
also in a B. M. : but no more. 

So much on the side of the advocates of a "single staff." 
Against this, on the other hand, let the reader set the advan- 
tages of checking each observation, of not having to move the 
backward staff, until he has tried, if he wishes it, his back- 
ward reading again, and of the time saved by his not having 
to wait for the backward man, who, be it remembered, with a 
5 chains sight only, would have to walk an | of a mile, occu- 
pying, at a moderate pace, about 3 minutes, to say nothing of 
his having often to get over ploughed land; climb fences, 
leap ditches, go round buildings, and overcome various other 
causes of delay, — and then judge for himself. 

I have said nothing of the immense advantage of the man, 
who is about to plant the forward staff, having the backward 
staff still left standing for him to line himself by. 

I have omitted also the benefit to the leveller, when he has 
taken up his instrument, as he passes the forwjard man, in his 
finding the chaining completed, and booking the length of the 
observation at once ; checking it himself on the ground by the 
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distance of the staff on the chain, and the pins in the follower's 
hands, and not being under the necessity of trusting the 
chaining to the men* These observations are not really wanted 
to prove the superiority of two staves over one: there are 
advantages, however, that naturally accrue from using the two, 
and the mentioning of them may therefore be serviceable to 
the reader. 

The line being properly ranged for some distance a-head, you 
may proceed with the levelling. 

Let your point of reference at starting be termed B. M., 
No. 1 ; and be careful throughout, whenever you come to a 
road which requires a section, to take a B. M. and number it 
in yoiu: book, to correspond to the number of the road. Let 
these B. M's be as near as possible to where the line crosses, 
so as to serve easily for the Cross Levels. Whenever the main 
line crosses a road, cut a mark on each side the beaten Road- 
way in the turf so that the direction of the line, and the exact 
point where it crosses the centre of the road, can be ascer- 
tained by the party who is taking the cross section. 

When you are approaching a road in the main levels, be 
sure and place your level, where you can, if possible, com- 
mand several points at once : the nigh side of the road, the 
centre of the road, the B. M., and some point beyond. This 
can only be done when the hedges are low, and the road is 
level with, or below the level of the country. If a raised road, 
the better plan is to fix your last forward staff, before you 
come to the road, on the nigh side of it, close to the hedge, 
and opposite a gap; then remove your instrument and place it 
in the road, where you can see the last station from, and at 
the same time command the centre of the road, the B. M., 
and the point in the field beyond. It is sometime^ssible, when 
the road is pretty level and straight, to take the cross section 
at once, at the same time with the main levels. If the instru- 
ment is placed in the centre of the road where the line crosses 
10 chains can be easily commanded on either side : the read- 
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ingt thus obtained will be ; the last point on the nigh side of 
the road, the back set; — the B. M.; the left side of the road, 
described as 0-00 ; and the right side, described as 20 chains; 
where the instrument is placed, as 10*00, (where the line 
crosses) — all belonging to the Cross Levels, and all intermediates; 
and the reading beyond the road, asforeset It must be 
remembered, that the readmgs taken in the road, tc^ether 
with the B. M., must be again entered in the Cross Sections. 

In crossing a river, much time is sometimes lost for want of 
arrangement One of the staff-holders should be detached 
from the party, so as to get round to the other side by the 
time you arrive there, in order that, as soon as you get there, 
the foreset may be taken on the other side of the river, and 
the whole of the party may at once proceed round: very great 
care, of course, must be used, while reading from only one 
staff. 

In all navigable or running waters, the surface of the water 
should be taken, and a special observation should be made of 
the previous state of the weather and the direction of the 
wind : this will frequently enable you to check your work 
roughly, by comparing the respective surface heights of the 
same river, crossed in different places. It must not be for- 
gotten, also, to take each of the banks of the river. 

It is not so correct to compare two sets of levels over the 
same ground by means of the *^ surface of watery^ which has 
been taken at different times, and perhaps under different 
circumstances of wind and weather, as to refer both levels to 
the fixed banks which are subject to no such fluctuation. I 
really think, that if the advocates of either would consider 
this, they would see the advantage of taking both. 

As the banks of tidal rivers are sometimes high, in levelling 
over a river thus circumstanced, the best plan is to place the 
level half waif up the slope, so far from the top, that the level line 
will just come above it ; the top of the bank can thus be ob- 
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tained as an intermediate^ and the instrument will remain in 
comparatively low ground. 

K the last backset has been a long one, place your forward 
Staff beyond the river, half-way up that bank, if there is a 
bank there, which is not always the case. The surface of the 
water need not necessarily be taken, if the water is low, while 
the instrument is on this side of the river. By getting a lower 
point on the other side, which will, on the next remove of the 
instrument, be a backset, and can be made as much lower 
than the present backset, as the difference between that back- 
set and the foreset, you may be enabled to command it then, 
which you cannot do now : in either case, the surface of the 
water will be an intermediate. 

In rivers as well as at roads, B. M's should be always taken, 
if practicable. There is, however, sometimes much dif- 
ficulty to obtain good B. M's : the country is generally flat, 
and the prevalent land-marks are dykes : the only thing near, 
perhaps, is a solitary bridge, a weir dam, a lock-gate : the last 
two make splendid B. M. : but the first stands too high for the 
purpose ; the horizontal web of the telescope falls below the 
arch. In this case, instead of reading off the distance of the 
soffit or the string-course, whichever may be more convenient, 
under the web, by placing the bottom of the staff upon the 
string-course, ascertain its height above the web, by dropping 
the staff down, until the bottom of it coincides with the web. 
Where the distance is too great to admit of the staff-man dis- 
tinguishing the motions of the leveller, let the staff be in- 
verted, and held under the object, and let the reading of the 
web be taken as usual: this reading will be negative, and 
must be entered as such ; thus : — 

(^See notes on next page,) 
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8-20 



Eadu 



Inter. 



4-80 
2-20 

-7-80 

3-40 

4-60 



Fore. 



11-80 



Rise. 



3-40 
2-60 

10*00 



Fall. 



96*603 miles 
100-00 



11*20 



7'20 



Reduced 
Levek. 



102-60 
112*60 
101*40 



1-20100-20 



93-00 



Distance 



10-00 
B.M. 



15-40 
18-00 



Remaila. 



Bottom of bank. 
Sarfiioe of water. 
Top of n%li bank. 

( Top of strine-course 
^ e&[itre of bndge oo 

( left. 
On far bank. 

( On towing-path ; at 

-J 10-20 and! 5 00 river 

( crosses. 
In field beyond. 



In the example^ the B. M.^ which was the string-course of 
the bridge was above the level line of the web: the other 
readings were taken as usual^ but this one was read off the 
staff when inverted: the reading was 7*80, and was entered 
minus. 

In obtaining the reduced levels^ the difference between the 
consecutive readings was taken as usual, and entered in the 
proper columns of rises and falls ; thus : — the first difference 
between 8*20 and 4*80, was 3*40, rise ; between 4*80 and 2*20, 
2*60, rise; between 2*20 and mintu 7*80, was 10*00, rise; be- 
cause, instead of the second point reading 2*20 under the level, 
it read minus or 7*80 above ii. The next difference between 
minus 7*80 and 3*40 was 11*20, fall; because, to get to the 
latter point, it would not only fall 7*80, which the former was 
above the line, but 3*40 more; the next, between 3*40 and 
4*60, was a fall of 1*20. To persons understanding algebra, 
it will be sufficient to say, that in this as in other cases, sub- 
traction must be made by changing the sign, and adding: iu 
the first case, between 2*20 and minus 7*80, the minus is 
changed, and becomes positive ; and the rise being 10*00, is 
entered in the column of "me." In the latter case, the 3*40 
being the second, is made minus; and both being minus, their 
sum 11-20 is entered in the column of " falls." With respect to 
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the observations; 8 '20 is the backset, at 3 miles on the line; 
the river crosses at 3 miles 10*20 chains and 15*00 chains; and 
readings are taken on the nigh and far banks, on the towing- 
path, and on the surface of water; all which points are refer- 
able to the B. M., which was taken on the string-KX)urse, and 
lastly, the forward reading was taken in the field beyond, in 
the level of the country, so as to have a clear field for onward 
operations. 

Where the river is wide, if the forward sight has to reach 
across it, care must be taken that the back observation should 
be proportionate to the width. 

Should circumstances prevent this, which, firom the steepness 
of the bank and the necessity of taking one or two observar 
tions to get down to the water, is often the case ; then, as 
soon as you have passed the river, on the first opportunity, 
reverse any error that may have occurred, by taking a long 
backset and a short foreset By this means, the error will be 
counterbalanced. The trifling difference requisite to allow 
for the correction, for curvature and refiraction of the sight 
across the river, in itself is a matter of no moment, it is only 
the accumulation of such errors that affects the importance of 
the levels. 

Where the width of the water is such, that an observation 
cannot be taken across, then by driving down a stake on each 
side of the river, exactly level with the water, and as near 
as possible at the same time, the approximate level can be ob- 
tained. The two stakes, of course, must be points in a line, 
intersecting the course of the stream at right angles; and there 
must not be any very strong side wind. If neither of these 
exceptions prevail, the stake on one side can be worked up to, 
as a foreset, and carried on from the stake on the other side, 
as the succeeding backset. 

What the width of the stream must be to make it necessary 
to adopt this plan, must depend upon various circumstances. 
It does not follow, that, because you cannot distinguish the 
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the hundredthsy you should not be satisfied with '' guessing" 
the distances between the tens: a correct and experienced eye 
can do that very safely : When the tens are distinguishable, 
it would be safer to trust to the reading than to the stakes. 
Where the stafiP, however, is completely illegible, the use of the 
stakes is unavoidable. There will not be much error with these, 
when the line joining them is at right angles to the stream as 
mentioned above. . It must be remembered, however, by the 
young leveller, that if the line of railway crosses the stream 
obliquely, the stake beyond the river will of course be a point 
out of line, firom which levels must be taken along the bank 
to the place where the line of railway crosses, when the main 
levels can be resumed. 

In levelling for a railway along side of a canal, in fidr fine 
weather, the water between the locks may be taken as level 
There is generally some very slight current downwards, owing 
to the unavoidable leakage at the lock gate, but not so much 
so, as to materially afiect the result. 

There must also have been no recent passage of a baige, or 
else it will not be level A high wind will also have the same 
effect in destroying the level in a canal as in a running stream. 

With respect to the best length for sights, where the coun- 
try will admit of a choice, there seems to be some difference of 
opinion. I cannot myself subscribe to the theory, that long 
sights dnd few, are better than many and short: were the 
errors to be increased in the same way as by the Theodolite, 
I might be disposed to admit it; but in levelling, each obser- 
vation is complete in itself, and independent of the rest; so 
that the fair inference is, that some errors one way may be coun- 
terbalanced by others the other way ; and, were this not the 
case, being independent, they would only increase according to 
the number of sights : to say nothing of the more difficult and 
less accurate reading of the observation at a long distance. If the 
question be between very short sights, such as one chain each, 
and moderately long ones as 5 chains, talcing all things into con- 
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sideration, I should prefer the longer. What any one's indi- 
vidual opinion may be, however, I do not consider of much 
moment. The person levelling has seldom much discretion 
in the matter; generally speaking, from 4 to 6 chains are the 
longest sights that can be taken, and even to take these, the 
ground must be pretty regular and even. 

I am, however, satisfied, that 3 chains each way is the most 
favourable length for distinct and correct observation. Though 
it rarely happens, that the ground or intervening obstructions 
will let us take exactly the distance we desire. 

Where the ground is very level and nearly equal lengths 
can be obtained, longer sights may be sometimes safely 
ventured upon, especially where the diagonal staflF is used, 
the tenths of which are distinguishable wherever the red 
figures are ; the points between, or the twentieths are distin- 
guished by an angle on the opposite side to those of the 
tens ; and the intermediate points can be easily sruessed at 
Long sights arespeciaUy aveSlaJble in the eveningfwben the 
staff is on the east side of the observer, and the contrary, 
when the telescope is turned towards the west This arises 
from the greater rarefaction of the air, by which the read- 
ing is materially affected. An evil that is found seriously 
to prevail in the glare of the noon day sun, when the 
ebullition of the atmosphere almost makes a correct reading 
impossible. 

In long sights much of the difficulty arises from not being 
able to distinguish certain red figures from each other; the 3 
and 5 are much alike ; and so are the 8 and 9 ; and the 9 and 
6 may be easily mistaken at a distance. To remedy this I have 
had the red figures on my own staves marked thus : L 2. HI. 
4. V. 6. 7. 8. IX. X. 11. XIL The fifties are distinguished 
by the angular point being filled up ; and "25 and '75 in each 
foot, by a round dot. By this contrivance, it is almost im - 
possible to mistake one red figure for another ; in fact, it is 
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eBsjy at a very great distance, to read to a tenth of a foot, 
by means of the conspicuous subdivisions of each foot in 
quarters. 

The consideration of the difficulty of reading long sights, 
brings us to that of the opposite kind, short sights, which are 
sometimes even more difficult than long. Where the sights 
are so close, that the red figures are not in the sphere of vision, 
the best plan .is to mark down carefully first the ^'tens and 
hundreds,'" and then direct the staff holder to raise the stafi* 
gently from the ground, until the red figure becomes visible. 
Where you are too close to distinguish the subdivisions, direct 
the assistant to hold the field book open, close against the staff, 
and move it gently up or down, until the level line of the 
web coincides with the white edge of the paper. This is the 
only way to manage with an inferior instrument, which wUl 
seldom read within half a chain; while with a good one, the 
divisions will be visible within a couple of yards. The rack, 
upon which the object end runs, is in common instruments 
seldom made long enough. The reader, if he thinks for a mo- 
ment, cannot be surprised that there should be so many bad 
instruments made, as few, very few makers are scientific men, 
and not being practical men either, they go on the same old 
system, as they have always done. The Leveller should there- 
fore endeavour to make himself perfect master of the princi- 
ples of construction of his instrument, as his own practice in 
the field will then suggest certain improvements that would 
never occur to the maker. 

If the reader, therefore, should have the misfortune to be in 
possession of one of these instruments, his only plan will be 
to have a new eye tube, fitted to his instrument, with a rack 
and pinion attached, so as to move the eye end, as well as the 
object end. By this means he may read as close as he pleases. 

It may not be out of place here, as we are talking of short 
sights, to say a few words to my young readers especially 
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Young men are all too apt to estimate their day's work, not by 
the difficulties overcome, but by the extent of line they have 
got over ; and are, in consequence, too eager to commence, 
without regard to choosing a good B. M. first, and too heed- 
less of localities, when they have commenced. 

In going up or down a hill, for instance, the unavoidable 
slowness of the work, instead of making them more careful 
renders them more impatient ; and, in being so, they frequently 
defeat their own object. In going up a hill, they generally 
place the instrument too high, and after having levelled it, 
they find, on taking the observation, that they cannot see 
the stafi^, the level line is some feet abov^ it: of course, 
the instrument has to be moved and set again. I have seen 
this sometimes occur three times, before they have got it right 

The stafFholder too has generally got to be cured of the 
same mistake. Be assured, that the slowest plan on these 
occasions is the quickest. Errors accumulate rapidly at these 
times, and where discrepancies are found to exist between 
one set of levels and another, they will almost always be 
found to occur in the most hilly parts of the line. Go slowly 
over hills and make up for it where you come to lower and 
more level ground. Again, where any houses, woods, bams, 
or any other obstructions are in the way, the levels must of 
course be taken round them, all of which, in the book, will 
be marked " out of line ". Perhaps the distance to the other 
side of the obstructions, may not be more than one obser- 
vation, and several may be necessary to get round. Do not 
on that account, take your levels carelessly ; in fact, the more 
observations, the more carefiiUy they should be taken, as the 
chances of error increase with the number. Get the shortest 
way round, you possibly can, of course, and make use of any 
scheme, that your own judgment and experience may suggest 
to you to do so. Take out a plank of a clap-boarded 
fence ; place the staff upon the hinge of a gate on one side 
as a foreset, and upon the other side, on the same hinge, as the 
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next backset. Take out a brick; drive one of the chain pins 
through a crevice ; open both gates of a bam ; in short, use 
your own good common sense, which you will generally find 
sufficient for every emergency. 

In overcoming such impediments as these, the young le- 
veller may probably find much difficulty, unless he clearly 
understands the true definition of the terms, backward and 
forward readings : they do not mean backward or forward as 
to ^* direction," though in common cases they happen gene- 
rally to be so ; but the two ends of the link, which belong to 
the chain of levelling. These may or may not be points ac- 
tually wanted for the section : they may be all, as in the case 
above, points **out of line ;" but they have nothing to do with 
" direction." 

This being understood, the reader will perceive, that in 
going round an obstacle, it may be necessary, in order to read 
the staff, to place it beyond the next point, whose height you 
require. On moving the instrument, this staff will be a 
backset, and the backward point either a foreset or inter- 
mediate. 




Thus in the accompanying diagram : let B be the place of. 
the instrument, and let (a) be the backset and (c) the foreset, 
the line running through add. Now let the instrument be 
moved to D; (c) will be backset, though it is further in the 
direction of the line than (ft), which will be an intermediate. 



OF BENCH MARKS AND INTERBfEDIATCS. 223 

and (d) will be the foreset Again, it might have happened, 
that the point d might have been read off as the foreset, when 
the instrument was at B, and the instrument might have been 
placed beyond d from b: d would then be the backset, and 
(b) the intermediate^ although back on the line, as compared 
with(rf). 

Some difficulty is also experienced as regards bench marks 
and intermediates. A B. M. may be, and generally is, an 
intermediate, but not so necessarily : it will sometimes fall 
better as a foreset. A foreset, also, is not necessarily a point 
in the section : in levelling across a hedge, no point in the 
line may be visible from where the instrument is placed ; any 
point, therefore, must be taken which is visible: this point 
will be a foreset. 

In permanent levels, where the heights at every chain 
have to be taken, this is specially useful in going up a hill : 
sometimes you cannot read more than one stake ; it may be 
nearly two"; by reading off the one stake as an intermediate, 
you will gain something in the ascent by taking the highest 
point you can see, as a foreset ; with this advantage, you may 
succeed in reading two stakes next time. 

Where young men might save time in their operations, would 
be in distinguishing between intermediates and foresets and 
backsets. While the last two form, as before observed, the chain 
of levelling, and any error goes on accumulating, errors in the 
first or intermediate are confined to themselves, and therefore 
need not be read off to such a nicety as the other two, espe- 
cially where these intermediates are points upon the ground ; 
of course, when they happen to be B. M.s, the same care 
must be taken with them as in backsets or foresets. 



Additional Remarks {carried on from page 211). 

As these levels are usually taken after the survey has been 
made, and the levellers are fiirnished with plans of the 
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country through which the Ime passes^ and have nothing to 
do but to attend to their levels ; the best plan of takii^ them 
is for two persons to level side by side, with two levels, but 
the same staves, in the same way as adopted last year in check 
levelling; so that each observation can be at once chedced in 
the field. It is not possible to do without two staves, of course, 
as the last backward staflp must not be removed, before com- 
paring the different readings of the levels, and ascertaining 
whether they agree. The additional expense involved in this 
mode of levelling, may be objected to by some, but I do not 
think this difference will be found so great as may be ex- 
pected, especially where the levellers are equally experienced 
in the matter, and are quick and ready in the use of iheix in- 
struments. It must, at the same time, be recollected, that 
both tiu mam and check levels are in this way done at onccy 
and that there is but one set of ^' men " to pay, instead of two. 
In the common way, too, of proving the work by check levels ; 
in case of any difference being foimd between the main and 
check levels, between any two given points, this distance has 
to be levelled over again. This is saved by this method: by 
each observation being checked at the time, the position of 
an error is immediately determined, and can be at once cor- 
rected. 

In levelling this way, side by side, some curious facts have 
been elicited. First, two levels seldom find the same differ- 
ence of height between the two fixed points, imless they are 
placed just midway between them ; secondly, however much 
they may differ when they are not so placed, they will always 
give the same result, whatever the length of sight may be. 
The inference is, that though much has been said about the 
proper adjustment of the level, and many rules are given to 
secure it, still it is practically impossible to make the axis of 
the telescope perfectly parallel to that of the bubble : it may 
not be easy, perhaps, to detect any material error in any par- 
ticular level; all the tests given may be apparently tried ; but 
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two (liiFerent levels, which are considered to be in adjustment are 
frequently found to read off differently, it is evident that these 
adjustments are not altogether correct In going over twenty* 
five miles of country with a friend who had his own instru- 
ment, we found that when we were half-way between the 
staves, we read alike; when we were not so, the one was 
either above or below the other, according to whether We were 
going up or down hill ; and that the amount of that discre-* 
pancy, depended upon the difference of distance of die in- 
struments from the back and forward stations^ That 
when the .one rose higher than the other in ascending, it fell 
lower than the other in descending; so that, if the rise and 
fall of the hill was the same, the reduced levels obtained from 
the two instruments became the same as before. And at the 
end of the twenty-five miles, that the difference between the 
two was in proportion to the height or depth of the last point 
above or below the starting point ; the intermediate ascents 
and descents having, in their results, counterbalanced each 
other throughout. The whole inference evidently to be drawn 
firom this, is that, whatever the state of the instrument may be^ 
it is better, where it is possible, to place it half-way between 
the staves. This^ I am satisfied, is the only correct way to 
level; the only error in this case, to be guarded against, 
being misreading of the figures : all the other usual errors be-> 
come neutralised. 

As, in counting the lines upon a levelling Staff, nothing is 
so difficult, as when there is nothing but straight horizontal 
lines one above the other; so, in levelling itself, nothing is so 
likely to beget errors as the mere fact of having little more to 
do than to read off a set of figures, one sight afl;er anothen 
The chances of making an error somewhere, increases with 
the number of sights, and the length of the line ; and as this 
error may occur anywhere, the best check is that of having two 
levels. 

That it is the best check, I am satisfied firom experience } 

Q 
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as I have known many instances, by the usual way, where 
several errors were detected in various portions of a long line, 
and yet the result of the whole line was correct; the correct- 
ness of it depending upon the accident of the errors having 
corrected each other in various places ; the following figures, 
on several occasions, having been taken the one for the other: 
3 for 5, and 6 for 9 ; but having fortunately been taken an 
even number of times, and read in opposite directions. 

As to the allowable limit of difference between main levels 
and their checks, much difference of opinion exists; but, 
generally speaking, there is scarcely sufficient allowed. Suppose 
that each observation averages 10 chains, there will be 8 of them 
in a mile: in each sight of this distance, it is not possible to 
read off to -^-^^ of a foot ; so that if the differences should by 
chance &11 the same way, there would be a difference in 10 
chains of ^^^, or, in a nule, of ■^^^, or '16. Let the error be 
only half that, or 0*08 in a mile, that is, not one inch in a 
mile, (and I am satisfied that, at the usual rate at which levels 
are taken and run, this supposition is a low one,) this error in 
25 miles will amount to nearly 2 feet. 

It may, I admit, be urged against this, that the errors may in 
many places be contrary and destroy each other: there is no 
question, but what they will. In the above hypothesis how- 
ever, I have not taken into account various other more serious 
errors that are found to result in practice : the amount of error 
deduced firom the above, depends simply upon one thing ; viz. 
the mechanical imperfection of the telescope, which is unavoid- 
able. All other things have been assumed perfect. But where 
you take these as you really find them, and not as they ought 
to be, and throw them into the scale; to me, there is no question 
that, that ratio of error is as little as it ought to be. In the case 
of the staff, for instance, the staves are not all the same height; 
(they all profess to be, of course) one foot upon the same staff 
may not always measure the same : the one staff may be held 
more perpendicularly than the other : one staffholder may be 
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psore careful in moving the staff round and not changing the 
place^ nor pressing it more into the ground for a back reading 
than a forward one. 

Ab regards the instrument itself; one instrument may 
point higher (and yet be considered in adjustment by the user) 
than another: one bubble may be sluggish ; another maybe 
sensitive; one bubble may be correctly turned^ another badly; 
the centering of one instrument may be better than another ; 
and in one case the parallax may be comparatively trifling, and 
in the other, considerable ; to say nothing of the greater, but 
^ry common difference^ of one level being regularly good for 
nothing, and there are many levels that I have met with liter- 
ally in that state. Added to this^ one Leveller may be more 
careful than another, may place his instrument more in the 
centre and hurry less over his work. These are the practical 
diances on the side of error ; the only chance on the other 
side, against all these, is, that there is no reason why they 
should all fall one way : many of them may £a2anc0each other, 
and this is the fact. Still, looking at the question theoretically 
and taking it as you find it practically, it will be found con- 
trary to both theory and experience, that they should do so 
entirely: they may do so sometimes; but that agreement is 
purely accidental, and cannot be depended upon. The very 
agreement with me would make me question its correctness. 
Still this seems a matter of opinion, and I must leave each of 
my readers to think for himself. At the same time, I cannot 
but consider, and give it as my own opinion, that the parties 
who urge upon railway committees a discrepancy of two feet 
in a line of some 20 or 30 miles long, as a proof of non-com- 
pliance with standing orders, are arrogating to themselves a 
certainty they cannot attain, and misleading the committee as 
to the correctness of their opponents work. 

A correctness greater than 2 feet in every 25 miles, could 
not be obtained with certainty, unless at a sacrifice of time and 
money, which never has been, and never would be incurred in 
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common practicBy and which there are no such interests involved 
as may make it necessary, should be incurred, in the usual 
common practice of Railway Levelling. 

I am speaking this advisedly, because the humbug (I can 
give it no better term) that I have heard endeavoured to be 
passed oflF upon some of the Railway Committee, is such, as 
ought to be put a stop to. 

Allegations for instance of **non compliance", because the 
greatest "cutting" has measured 9 feet instead of its given 
height 7 feet Roads objected to, because, by the cross 
section, they have to be raised 5 feet instead of 4 feet, which is 
stated in the Main section, and many other such instances of 
** non compliance ". And this, when every professional man 
knows, that it is not possible to seci^re that accuracy upon the 
Lithographic Plans. 

The vertical scale to which sections are plotted is so small, 
never less than 50 feet, and generally 60 or 80, or 100 feet to 
the inch ; that it is possible to make any height read a foot 
more or less, according to whether the scale is placed in the 
centre or one side of the line. This is the case upon the paper, 
in the original section immediately it is completed, before the 
paper has had much time to contract. What discrepancies 
must not therefore naturally ensue, when the original section 
itself has contracted ; and the tracing of this contracted origi- 
nal being transferred to the copper, its impression has con- 
tracted still further. The fact of contraction, and the extent 
of it, are admitted by all, but the inference deducible from it, 
appears either to have escaped the notice, or from a wish not 
to abandon so fatal a weapon of attack, against their opponents, 
to have been kept back by all, viz., that, as in the field work, 
there is (or ought to be, if the requisite certainty of all practical 
matters be a desideratum) an allowable amount of error, so 
also in the plotting, there are errors of manipulation which 
cannot be avoided, the existence of which in no way affects the 
corectuess of the section, or militates against the object of the 
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Parliamentary deposits. It is in fact a mere waste of the time 
of the Committees, an abuse of the funds entrusted to their 
charge, for rival parties to bring and defend such allegations 
as these, and the result unfortunately is, not only that the time 
thas occupied, the money thus spent are unjustly thrown 
away; but that wearied and distracted with a multiplicity of 
meaningless and frivolous allegations, the committee are apt to 
lose sight of, or inadequately appreciate, the full importance of 
any serious errors that may be brought before them. 

It is much to be regretted, that if the subcommittees are 
judges of matters of fact only, they do not, in the report to th^ 
standing orders committee, classify those facts ; dividing them 
into frivolous, harmless and serious, so that the latter com* 
mittee may decide upon the merits ^* not of the line " ,as a line, 
but of the drawings as to their legitimate correctness, or to the 
purposes for which that correctness is required. 

I am dwelling long upon this subjept, because it is really an 
important one, especially to those who have done their work 
best, but who have more able parliamentary agents and solici* 
tors than their own to oppose them ; in many cases, after all> it 
is a mere trial of skill between couQsel, neither of them under- 
standing the subject, and only furnishing from their mutual 
ignorance additional weapons of attack to each other. It would 
be far better, if the professional points could be managed 
directly by professional men, and not through general counsel. 
It is seldom the merit of the question so muph as the compa- 
rative ability of the pleader that at present decides it 

Formerly, when all the learning of the age was limited to 
the bar, in fact, when there was no such profession as civil 
engineering, this system was unavoidable ; but at the present 
day, when men are at once engineers, and at the same time, 
men of education and intellect, there is no occasion for it, cer- 
tainly not as far as professional and technical questions are 
concerned, — caeteris paribus, a man is his own best pleader, as 
they say after a certain age, a man is " his own best physician," 
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80 it may be depended upon, that whether in attack or defence^ 
the truth would be sooner elicited from the witness^ and would 
be more clearly comprehended by the committee, direct from 
the engineers, than through the medium of a non conducting 
solicitor or parliamentary agent I object not to their assistance 
or their surveillance of the case before them ; this would be 
as absurd the other way ; the leaving of legal questions, with 
which unfortunately all matters of business are at this day in- 
volved, to engineers, would be as bad, as entrusting engineering 
questions to solicitors : what I want, what I would suggest, is, 
that in all professional matters, the engineer should have the 
opportunity of putting his own questions direct to the several 
professional witnesses it might have been considered desirable to 
summon. 

Were tkU done, the expenses of getting a Bill through standing 
orders would be reduced one half. Engineers would only attack and 
defend upon good grounds; the humbug of allegatums would be 
done away toithy and the realty serious errors, which are now lost 
among the others, would then have their due prominency and con^ 
sideration. 
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CHAP. X. 

EXAMPLE OF FINAL LEVELS. 

The first page of the following notes has been completed, the 
rises and falls calculated, and the reduced levels put in. The 
other pages contain only the several readings ^t the different 
stations, and the respective distances or observations to each : 
the rest must be filled in by the student 
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FINAL LEVELS 



TAKEX B£TWB£N 



1 I 



HEREFORD AND HARDEN. 



I'l 



Back. 



9-96 



'ntcr. 



10-85 
4-81 



3-49 
2-57 
4-46 
4-63 
6-33 

1018 
11-94 
4-48 
608 
3-28 
6-75 
11-89 

JO-40 
620 

703 
6-25 
8-13 
8-32 

828 

140-65 

78-58 

62-07 



7-33 



5-84 



6-52 



Fore. 



6-38 
7-25 
10-64 
6-54 
312 

2-46 
1.08 
3-53 
4-75 
6-43 
9-03 
3-14 

1-83 
3-14 

1-60 
0-73 
1-28 
2-67 
1-50 
1-48 



Rise. 



78-58 



6-04 



1-51 

4-87 
9-10 
8-41 



3-61 
6-05 
401 

7-26 

4-92 
6-30 
4-97 
5-46 
6-82 
6-80 



FaU. 



86-13 
24-06 



62-07 



0-89 



1-57 
3-76 

807 
208 

1-00 



0-27 
0-35 
5-75 



0-32 



Reduced. 



24-06 



100-Ot 

9911 

105-15 

103-58 

99-82 

91-75 

89-67 

91-18 

90-18 

9505 

104-15 

112-56 

112-29 

111-94 

106-19 

109 80 

115-80 

119-86 

12712 

126-80 

131-72 

138 02 

142-99 

148-45 

155-27 

16207 



16207 
6207 



100-00 



Dist. 



B.M. 



Remarks. 



0-67 
1-50 
4*55 
7-00 
til -00 
12-10 

16-00 
17-50 
2100 
2500 
28-00 
30-00 
31-65 
B.M. 
33-50 
37-24 

39-50 
42-70 
45-00 
47-00 
49-00 
51-00 



1 . Taken in the centre on string 

course of Bridge over Canal, 
centre of road from Hereford to 
Mordiford. No. 1. 

bank of field. Road X at 0-00 tod 

[0-65. 
hedge X at 434 

12-30 and 1500 Mill Pond X 
on bank of Mill Pond. \ 
surface of water in Pond. 



23-33 hedge. 
26-72 hedge X 

Road X 30 37and32-40 [cester. 
centre of road from Hereford to Wor- 
2 on lower hinge of gate opposite 
bedge X [Crown Inn. 

3724 and 3754 lane X* 
centre of lane. 
41-03 hedge X 
44-04 hedge X 



»laf^ 



I— L 






r 



t 



I 



- 



IL 






«T 



Chains' 



' • . 



s. 



^■^ 



-:•' 



f. 



I 
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2,33 



Back.l Inter. Fore. 






fiJ-- 



7-13 



0*92 



8-81 
5-85 
3-26 
6-00 



8-2fc' 

7-90 

11*81 

10*63 

4*70 

4*66 



119 
1*17 
M7 
0*70 
1*59 
0*24 
0*78 
0-59 
0*66 
0-56 
0*08 
1*81 
4*91 
j3*27 
5*44 
6*35 
5-16 
5-54 
7'6C 



0*92 



5*90 



5-2o 



2-08 



4*68 



10-29 
4*63 



3*91 



0-37 
302 
4*80 
9*67 



4*03 
0*38 
2-22 
0*86 
1*94 

1*62 



6*26 

9*45 

10-57 

10-16 

11*74 

10*05 

10*89 

909 

10*48 

11*69 

10*16 

5-41 

10*56 

8*41 

5*19 

5-47 

5*49 

4*49 

4*22 



Distance 



53*00 
B.M.3 



5900 



65*50 
07*00 
6900 
70*00 
71-50 
73*00 
73*74 
B.M.3 a 



75-00 
78*00 
8000 
1-00 
200 
2-54 
3*50 
4*50 
5-50 
6*80 
800 
9*00 

11-27 
120J 
2200 
3000 
38*00 
4600 
48*67 



9.89 



Bemarks. 



road X 52*25 an4 52*85, 
centre of road from Aylston Hill to Wor- 
cester, No. 3. [height, 160*28. 

on stake driven down by side of road, 
out of line, [B,M., 160*31. 

ditto 
in line 
out of line 

in line 



7005 hedge X . 



road X 73*83 and 74*15. [side of road, 
on lower hinge 6f gate left of line, near 

[B. M., 204*02, 
centre of cart road from main road. 



1 mile. 

2*35 hedge X . 

4*18 hedge X 



11-30 hedge X 



50*00 



ditch X 3003 and 30* 13. 



dyke X 48*70 & 48*90. 

road X 4900 & 49*45. 

Height of water in dyke. [No. 4. 

Centre of road fijom Hereford to Worcester. 



# 
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Bick. 


Inter. 


Fore. 


Distance 


Remarks. 






[Height, 94-74. 


9.83 


2-14 


B.M.4 


On nearest post ofrailing to bridge right of 






8-22 


50-55 


line and far side of road, B.M. 97'&7. 
50-50 hedge X 


510 




5-83 


55-21 


hedges X at 52*82 & 54*59. 


5-23 




4-94 


63 00 


hedge X 55*31. 


5-76 




6-38 


7100 


hedge X 69*06. 


5-73i 


4-84 


79-00 


2 miles, [hedge X 79*39. 


5-40 


2-58 


4-00 


hedge X 3.65. 


3-31 




5-31 


12-00 


hedge X at 14*76 & 16*10. 


5-74 




4*29 


16-50 


. 


5-59 




4-85 


21-48 


hedge X 1*9*54. 


500 




2-08 


24-23 


hedge X 25*51— ditch X 24*55 & 24-70. 


4-71 








road X 25-30 & 25-60. [B. M. 97-45. 




4-11 




B.M.5 


on lower hinge of orchard gate left of lane 
centre of road to Shelwick, No. 5. 






5*24 




3-59 


4-93 


2900 


[Height, 96-32. 


4*83 


5 19 


33-00 




5-75 




4-74 


37-56 


37*67 hedge, &c. 


5-83 




4-75 


38-62 




5-21 




5-58 


45-76 


hedge X 43-72. 


7-10 




4-16 


50-41 


canal X at 51*00 & 51-80. 


9-51 


4-70 
5-74 




50-95 


on bank of canal, 
height of water in canal. 




4-38 




51-85 


opposite bank of canal. 






8-97 


52-50 


hedge X 55*08. 

road X 6329 & 64*77. Height 101-48. 


6-48 


' 


6-36 


59-00 


7-72 


6-)8 






Centre of rd. from Hereford to Lem. No. 6. 






5-61 


B.M.6. 


on lower hinge of gate left of lane, far side, 


6-90 




10-44 


67-30 


ditch X 71-63 & 71.90. [B.M. 102-15. 


4-00 




514 


74-00 


hedges X at 77*10 & 79-95. 

3 n^lfts. [Hedge X 3*10. 


5-60 




515 


1-00 


5-46 




4-87 


9-00 


hedge X 6-08— fence X 10*65. 


5-57 




5-02 


15-00 


hedge X 16-00. 


5-49 




504 


22-00 


fence X 2839. 


6-43 




4-52 


30-00 




5-38 




4-80 


3900 


hedge X 47-22. i 


5-45 




4-88 


46-00 


dyke X 47-70 & 48-00. 


5-14 


6-65 






height of water in dyke. 






4-55 


54-00 


hedge X 54*47. 


500 




5-14 


60-00 


^ 


5-58 




5-04 


6800 


hedge X 68-62. 


5-82 




4-65 


74-00 


4 miles. 
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Back 



5-40 

5-67 
5-40 
4-36 



3-87 
5-29 
5-47 
5-98 
6-07 
7.80 



5-33 
5-53 
5-29 
7-23 
9-94 
9-35 
3-64 
5-01 

7-64 

078 
4-26 



4-41 
508 

5-77 
5-74 
5*82 
5-58 
4-90 
492 



8-19 



5-83 
5-40 



6-67 



9-76 



4.94 



4-77 
5-22 
4-36 



4-68 
5-01 
5-31 
5*26 
5-37 
5-27 



608 
4-77 
5-67 
4-89 

3-17 
1-23 

5-97 
5-95 

6-06 

7-21 

11-02 



5-33 
5-29 
4-89 
5-00 
4-79 
4-92 
4-85 
5-10 



4-94 



Distance. 



2-00 

800 

12-00 



13-20 
18-00 
2200 
30-00 
38-00 
4200 

B.M.7. 
47-00 
55-00 
63-00 
71-00 
7900 
300 
1100 

B.M.8. 
15-00 
16-70 
17-80 



20-00 
28-00 
3400 
40-00 
48-00 
56-00 

61 00 

B.M.9. 
63-00 



Remarks. 



hedge X 8-37. 
bank of river, 
river X at 1220 X 13-00. 
height of water in river Lug. 
opposite bank of river, 
hedge X 18-53. 
ditch X 23-45 & 23-60. 
ditch X 25-30 & 2540. 
hedge X 39-58. 

road crosses 45 88 & 46*52 [height 107 86. 
centre of roadfromMoreton toMarden, No.7. 
on lower hinge of gate, right of land far side. 

[B.M. 108-29. 
fence X 54-68. 
dyke X 6431 & 64-50. 
ditch X 75-45 and 75 57. 
5 miles. 

road X 13 30 and 13*75. 

centre of road to Marden Church, No. 8, 

[height, 122-27. 
on highest point of stone opposite cottage, 

[B. M„ 120-60. 

hedge X 16-58. 
bank of river, 
river X 17 '90 and 18-60. 
height of water in river Lug. 
hedge X 32-23. 
hedge X 34-09. 
hedge X 42-10. 
hedge x 50*48. 

road X 69-70 and 60-20. [No. 9, 

centre of road from Wellington to Marden, 

height, 113-60. 
stone on which a X is made, B. M., 112-78. 
right of line ISeir side of road. 
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Explanations of the Field Notes, from Hereford to Marden. 

Each reading, whether backset, foreset, or intermediate, 
will be found to have a remark ; thus, the first, the backset, 
9*96, has its reduced level, 100*00 which was assumed, being 
B. M. No. 1, which is described in the column of remarks. 
Of the next reading, 10'85 — the reduced level is 99*11, and 
the point, the centre of the road from Hereford to Mordiford; 
the distance of the centre of this road is not given, but the 
two sides, 0*00 and 0*65, are given in the next line ; the two 
following readings are 4*81, which is at 0*67, just beyond iha 
road, and 6*38, which is at a distance of 1*50. Throughout 
these notes the same arrangement will be found to prevail 
The height of the centre of the roads is taken and entered as 
suchy and the distances of each side of the road given in the 
next line. This is also the case with rivers ; the surface of 
the water, the nigh bank, and far bank, are noted in three 
lines ; and the points of crossing of the banks are given upon 
another line. The object of this is, by means of the blanks 
lefl in the column of distances, to call the attention to these 
principal points. B. M's. will be found at these roads numbered 
1, 2, 3, &c., to correspond with the roads, which, in the levels of 
approaches are called— cross sections, Nos. 1, 2, 3, &c. Imm^ 
diately after B. M. No. 3, there are two observations out of 
line, and also two more out of line after 59 chs. The chaining 
goes on up to 80 chains or 1 mile, and then begins again. 
The distances being all measured within each mile from the 
starting point, according to the plan recommended at page 238. 

At 1 mile 48*67 chs. the foreset is 4*22, which is the bank 
of the dyke. In most instances, the reader will find the first 
intermediate placed collaterally with the backset This is not 
the case, however, with the 10*29, which is placed in the line 
below the 7*66. This is merely to allow space for the re- 
marks, which, from the dyke and road coming together, are 



EXPLANATION OP THE FIELD NOTES. 237 

somewhat numerous^ and this arrangemeili has been adopted 
where necessary, throughout. 

When not unavoidable, I much prefer the method of having 
no line without its distance and reduced level The distanc^^. 
and description of each, it must be remembered, refer to the ) 
foresets or intermediates, and not to the backsets, which, being 
the same point as the previous foreset, have been already - 
described as such. It is the referring to the same point 
(which is done by this means) in the adjacent links of level- 
ling or settings of the instrument, that the connection between 
the iwo, and therefore the general connection of the whole is 
obtained. 

With reference to the description of the B. M., No. 4, the 
reader will see clearly that in matters of right and left, of far 
and near, some fixed standard of direction must be adopted. 
We must, therefore^ understand, that in all cases of the sort, the 
leveller is supposed to be standing in the direction, in which he 
is levelling, and consequently the side of the road that is 
nearest the beginning of the line is the ^^nigh^^ and the other the 
*^ far" side, and that it is also in relation to this |)osition, that the 
terms right and left are spoken of. The young leveller will 
do well to consider carefully the force and certainty of this 
description, viz., on nearest post of railway to bridge^ right of 
line^ and far side of road. The next B. M., No. 5, is described 
as on lower hinge of (orchard) gate, left of line. There was, 
in this case, no need to mention which side of the road, as 
there being but an orchard on one side, it was limited to the 
side on which this orchard was. The following on No. 6, 
has " left of line^far side of road^^ 

Let not the young hand consider, because he can at once 
follow me, and admit the propriety of what I am stating, that 
all this must have occurred to him. It has not been so with 
young men generally, time and practice might, by its faults and 
omissions, have taught him this or perhaps some better plan, 
but he may be assured that it will be an economy of both, for 
him to thoroughly consider, and rigidly carry out the hints I 
have suggested. 
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"^CHAP. VIIL 



PLOTTING OP THE MAIN SECTION. 

Draw first the datum line in ink, carefully and finely, then 
lay off the several miles upon it, by means of 12 inch ivory rule. 
The smallest scale allowed for railways sections, is 20 chains 
to the inch horizontal, formerly thih scale used to be generally 
adopted, and the plan, of course, was made to the same scale. 
Latterly it has been in many cases abandoned ; the plan being 
made to this small scale, whenever the line crossed any roads 
and came near any buildings, an enlarged plan taa scale of not 
less than 100 feet to a ^ inch was required. On this account, 
it was thought better to plot the whole to some scale sufficiently 
large not to require any enlai^ed plan, hence, 5 chs., 6 chs. 
to the inch, have been frequently used, 100 feet to ^ inch is 
400 feet to the inch, and 6 chains is 396 feet to the inch, so 
that the scale of 6 chains answered all purposes. The vertical 
scale, too, was fixed at not less than 100 feet for the main section. 
This, however, the promoters of a line themselves found to be 
too small, as though it made real errors less easy to be detected, 
yet it magnified small ones much more than a larger scale. Ver- 
tical scales, therefore, of 60 and 80 feet to the inch have been 
usually adopted. 

Whatever scale, however, may be used, the distances must be 
carefully gone over once or twice, to guard against error ; and 
the number of miles must be marked against each. The method 
of chaining on a line from the beginning, and dividing the 
length into miles on the ground, confines every error of plotting 
within that distance, as the distances are always taken from the 
last mile point — so many miles, plus so many chains, till the 
next mile mark, when it begins again. 
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At every third niile^ as well as the l)egmnmg and ending, 
erect perpendiculars to the line, geometricall j by the compasses, 
to about twice the average height of the Section and draw a line 
through that distance parallel to the datum line ; measure off 
upon this line the intermediate miles, and connect them with 
the corresponding points in the datum line, and divide each 
mile into furlongs. 

Now, lay off, upon the datum line, the several distances in 
the column of distance for one mile, measuring them from the 
nearest furlong, then draw very fine lines therefrom, parallel 
to the perpendiculars. These parallels, or supposed perpen- 
dicular lines, being confined within ievery mile, cannot be far 
wrong. In fact, the correctness of the section line depends 
upon their being truly perpendicular, or the distances in the 
section line, though correctly measured on the datum line, 
might be incorrectly projected. » 

Upon these perpendiculars prick carefully off, with a fine 
needle, the several heights in the reduced levels corresponding 
to the distances, carehiUy distinguishing the roads and rivers, 
the position of hedges, &c., as in the accompanying section, and 
connect their several heights ; put this in ink at once, while the 
plotting is fresh in the memory, marking off in pencil the 
^^ reduced level ^ of the centre, against every road, the surface 
of the water of rivers, canals, &c. 

One mile being now finished, and not before, proceed to the 
next ; finish that before you commence the following, and so 
on throughout 
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CHAP. XI. 



CROSS SECTIONS 



Of roads between Hereford and Marden* 



No. 1. From Hereford to Mordiford. 



No. 2. 
From Hereford to Worcester. 



Backset. 


Inter. 


Forcset. 


1.50 




6-13 


8-68 
578 


2 54 


207 
4-96 



Din. 

000 
6-00* 
B. M. 2. 
11.00 
16-00 



No. 4. 
From Hereford to Worcester. 



Backset, 


Inter. 


Foreset. 


5-33 




5-34 


4-62 


203 


500 


6.16 




6-48 



Dist. 



0-00 
6-00* 

B. M. 4. 

10-00 
17-00 









«. 1 


Reduced 


Backset. 


Inter. 


Foreset. 


Rise. 


FalL 


Levels. 


4-86 




7-19 




2-33 


100-00 


0-58 


1-47 




, 


0-89 


.99-11 






8-08 


M 


6-61 


92-50 


3-73 




496 




123 


91-27 


4-28 




4-78 




0-50 


90-77 



Distance. 



000 
6-00 

B. As • 

9-00 
1500 
1800 



I. 



No. 3. 
From Aylston Hill to Worcester. 



Backset. 


Inter. 


Foreset. 


Di«t. 


0-90 






o-oo 






10-53 


200 


-0-87 




10-16 


4-00 


1-07 




8-58 


10-00* 


0-62 


0-49 1 


B.M. 3. 






10-68 


2000 



No. 5. 
From Moreton to Marden. 



Backset. 


Inter. 


Foreset. 


4-70 

5-88 

5-13 
5-20 


4-00 


519 

5-07 
5-35 
5-30 



Inter. 

000 

4-00* 

B. M.5. 

600 

1000 

16 00 



CROSS SECTIONS CONTINUED. 
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No. 6. 
From Hereford to Leominster. 



Backset. 


Inter. 


Foreset. 


Dist. 


6-40 






0.00 






2-53 


5-00 


5-37 


4-58 




B. M. G. 




5-25 




6 00* 






7 02 


900 


5-40 




6-90 


15-00 



No. 7. 
From Moreton to Marden, 



Backset. 


Inter. 


Foreset. 


Dist. 


6-26 






000 






6-24 


600* 


4-83 


4-40 




B* m. / . 






7-35 


1200 


4-46 




6-54 


18-00 



No. 8. 
Road to Marden Cluirch. 



Backset. 


Inter. 


Foreset. 


Dist. 


2-66 






000 






7-43 


400* 


7-91 


6-25 




B. M. 8. 






6-23 


6 00 


3-64 




3 86 


1000 


7-23 




7-43 


16-00 



No. 9. 
From tVellington to Marden. 



Backset. 


Inter. 


Foreset. 


Dist. 


0-99 






000 






6-59 


600* 


5-62 


5-40 




B. m* 9. 






5-43 


1200 


4-54 




5-40 


2000 



* The rail line crosses here. 



CHAP. XII. 



LEVELLING AND PLOTTING OF THE CROSS SECTIONS. 

These sections are taken for the purpose of showing the 
various slopes of the roads which are crossed by the line. 
Where the road has to be crossed on a level, and the surface 
of the rails happens to be on the same height as the road sur- 
face, no alteration will have to be made, and these sections 
will not be required. Again, should the line run at that 

R 
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point through a cuttingy and be so fiur beneath the road sur- 
fiioe, as to admit a bridge of the proper height to be thrown 
across without raising the road ; if in that case, also, these sec- 
tions should be unnecessaiy. But, if on the other hand, in order 
to accommodate the line, the road should have to be altered, 
whether raised or lowered is a matter of no moment, a sec- 
tion of it would be indispensable. As it is not possible, before 
the engineer has decided upon his gradient, to know wheth^ 
any one section will or will not be wanted, the sections of 
all the cross roads are always taken ; if not required after^ 
wards, they need not be inserted It seems almost unneces- 
sary to mention, that it is only by these sections, when a road 
han to be raised or lowered, that the extent of the approach 
and the nature of the arrangements can be determined. The 
necessity of raising or lowering the road, will of course depend 
upon the information to be obtained from the main section, 
as may be seen at the following roads : viz. No. 2, where the 
road is raised, and passed under ; at No. 4, where it is lowered, 
and passed over; at No. 7, where it is raised, but crossed on 
a level; again, at No. 8, where it is raised, and passed under; 
but that the approach of No. 8 will extend farther on the 
right than on the left side, the slope remaining the same on 
either, depends upon the fact of the ground rising on the left 
and filling on the right of where the line crosses; which fact 
can only be obtained from the cross section. 

The object of these cross sections being now briefly ex- 
plained we will proceed to show the best method of taking the 
levels necessary to obtain them. 

Having, in the course of proceeding with the main section, 
carefully marked upon the ground the exact spot in the centre 
of the road, where the line crosses, and taken the height of the 
nearest bench mark to it, about 8 or 10 chains on either side 
of this spot are measured, in chain/ lengths, along the road, for 
the purpose of obtaining the height of the road at every chun. 

In taking the cross levels, be careful always to level one way. 
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frmn left to rights that is, measure always from the left side of 
die line (looking in the direction the main section has been 
teireUed, or towards the termination of the line), to the centre, 
^ere the line crosses, onwards to the right side of the line. 
And be careful to designate the road in the same way, always 
from left to right; as, in case of your omitting to mention, that 
you have levelled the other way, the consequences ofn eglect- 
ing it, may be serious. For, unless the number of chains 
levelled on either side, where the line crosses, be always the 
same, which, depending upon the inequality of the road, is 
seldom the case, the line would cross in its wrong place, and 
the calculations for lowering or raising the surface, for the 
bridge across it, would be altogether incorrect. 

Call these chains' lengths, therefore, in your .level book 
{beginning as far, on the left of the line, as from the nature of 
Ae ground may be necessary, and numbering to the centre), 
1 chaan, 2 chains, and so on. 

Place your level at a point, half way between 0*00 
and where the line crosses, and take the several readings at 
every chain's ftiU length, and also at the spot where the line 
crosses, and should the bench miurk, before alluded to, be on 
that side, tdce that also ; then remove your level to midway 
between the centre, where the line crosses, and the extreme 
point you intend levelling to, and take the several readings 
there also. 

Enter these in your book, according to the examples given, 
making the reading at 0^00 yoiu* first backset, at 1 chain 
your first intermediate, placing it in the next lower line, so that 
you may be enabled to mark the height of the starting point 
0*00 in the column of distances, thus, in the cross section No. 3 
die back set, at 0*00 is 0*90. Mark all the subsequent read- 
ings, taken at the same place, ifUermediate, except that, where 
the line crosses, whidi should be the first foreat, saying in every 
ease, in the column of remarks, line X. The B. M. will be 
s, at usuaL 
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It may happen that the road slopes too rapidly to take the 
whole 10 chains at once, or it may be nearly level, and suffi- 
ciently straight to command the whole 20 chains at one 
setting of the instrument ; in the former^ the leveller has only 
to decrease, in the latter, to increase his intermediates, taking 
up the B. M. as he goes along. Thus at cross section No. 3 
(which, however, being unaltered is not shewn among the 
sections), from 0*00 to 2*00 chains, there is a fall of nearly 
10 feet, consequently the Level must be placed almost opposite 
to 1 chain ; this is also the case with the next observation, 
which only commands 2 chains more. 

Having now obtained all the Field data necessary, calculate 
carefully the rises and falls, using the ordinary checks to en- 
sure accuracy. Then turn to the notes of your main section, 
and observe there the height of the B.M., and of that part of 
the road where the line crosses ; enter these in the column of 
reduced levels, as the reduced levels of the same points taken 
in the cross section, and, determining the subsequent portion 
of the Section as usual, reverse the calculations of the upper por^ 
tiofu By this means you obtain the several heights of the road 
relatively to the whole section, and as the height of where the 
line crosses, obtained by the section levels, should be the same 
as that by the main section, you have a certain check upon the 
general accuracy of the levelling, and are enabled to ascertain 
whether the staif has on the cross levels been held in the same 
place for the centre of the road as in the main levels. 

In case of the road being steep the student will see clearly 
that the wrong position of the staff in taking the cross sections 
may make a difference of a foot or two. By taking the 
right B. M., which is a matter of correct determining y this 
point can be easily ascertained ; for if, on reducing the levels 
on the cross section, the height of the point on the road, where 
the line is supposed to cross, does not agree with that of the 
main levels, the proper point can be easily ascertained by a 
simple rule of proportion ; for if the centre thus assumed is too 
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low and the next chain too high, it will lie between the two, at 
that distance from the one, which, reckoning at the rate of in- 
crease from one to the other, will rise to the point equal to the 
height on the main section. This point thus ascertained must 
be entered in the remarks as the point where the line crosses. 
Thus, suppose the known height is 12 ft 50 inch., and the 
height at 10 chains, assumed as the point of the line crossing, 
is 12 feet, but at 11 chains it is 13 ft. then at 10'50 chs., the 
height will be the required height 12*50, enter therefore in the 
remarks " at 10*50, line crosses.^ 

In calculating the reduced levels of the cross sections, trans- 
fer the reduced level of the B. M. from the main levels to the 
cross section, wherever it may fall, and for all points below, 
treat them as usual, by deducting for the falls, and adding for 
the rises; but for the points aiove reverse this method, add for 
the falls and deduct for the rises. By consulting the first 
example of cross sections given in the book which has beeu 
fully worked out, this will be easily understood. Having 
worked out all the reduced levels, proceed to plot the several 
cross roads, numbering them carefully, No. 1, 2, 8, &c., to agree 
with the corresponding roads m the main section, marking in 
each where the line crosses. The names of the roads are given 
in the main sections without the numbers, in the cross sections 
only the numbers to correspond. 

The scale for the Cross Sections is fixed by standing orders, 
being 5 chains to the inch horizontal, and 40 feet vertical. 

Formerly all cross sections had the same datum line to 
them as the main sections, reduced, to get them in, by 50 or 
100 feet ; at present, the ground line is shewn without a datum 
by which means much trouble is saved, and less opportunity 
is given to opponents to detect errors. In the examples given, 
the first only is given complete ; with all the requisite writing 
of" 1 in 20, ^ " present surface of road, '* " road when altered, ** 
&c., the others have merely the ground line, level of rails, 
and the proposed mode of alteration without any working 
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Bhown upon them. They are all exactlj alike and therefore 
one example is sufficient for the whole. 

The section being now complete, the field book is no longer 
wanted, and the whole is handed over to the engineer, for 
him to put in the gradients. The selection of them, to overcome 
such local difficulties, as may present themselves, of hills or 
Tallies; of roads and rivers, must depend ujpon his judgment and 
experience, no general rule can be given respecting them. 



CHAP. XIII. 

APPROACHES. 

Method of determining the height that the several roads should be 
raised or lowered, and whether they should he passed over or under. 

I 

In the explanation of this subject, the student must refer to 
the example of the Plan and Cross Section of the line from 
Hereford to Harden ; which he had better plot for himself 
and compare with the plate. The gradients to enable him to 
understand how these calculations are to be made, have been 
assumed as of certain heights at certain distances: the as- 
sumed data, being the first three columns, and the results 
will be found in the following schemes. 
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The FIRST SCHEME givcs the several gradients, where they 
begin and end, which is shown in the second column : their 
heights at either end, which are arbitrary, dependent upon 
the judgment of the engineer, are given in the third column. 
The fourth and fifth columns show whether the gradient rises 
or falls, and how much. The sixth gives the actual length of 
the gradient. These, of course, are obtained from the 
preceding columns-being the bases and perpendiculars of 
right-angled triangles — ^whose hypothenuses or rates of inclina- 
tion have to be calculated. In the first gradient, for instance, 
which rises 15 feet in 90 chains, or 5940 feet, A:j^<)=396; or 
in every 396 feet of length, the gradient of the line of railway 
rises 1 foot This is the seventh column. The rate of inclina 
tion of each gradient must be entered upon the section. 
Again, in the same example, if the line rises 15 feet in 90 
chains, it will rise ^f, or ^ in every chain. This expression 
of the rate of inclination is not shown anywhere in the sec- 
tion, but is indispensable in obtaining for the cross section the 
height of the gradient at the crossing of the roads. It is given 
in the eighth column. 

The SECOND SCHEME is prepared for the purpose of ascer- 
taining ihe difierence at any road between the ground line 
and the gradient line, and thence deciding upon the mode of 
conveniently altering the approach, to admit of the passing of 
the railway. 

The first column gives the Nos. of the road ; the second 
column shows what gradient it is in ; the thirdy its distance 
upon the section, so many miles, furlongs, and chains. This 
distance is obtained from the Field Notes. The fourth column 
gives its distance upon the respective gradient, which can be 
obtained from the first scheme. Thus in the fifth road, by 
turning to the Field Note, you wiU find the second road 
comes at 2 miles, 2 furlongs, 5 chains, 45 links ; which, on 
inspection of the first scheme, will be found to fall within the 
third gradient, which commences at 2 miles. The distance of 
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CALCULATING THE APPROACHES. 249 

The FIRST SCHEME givcs the several gradients, where they 
begin and end, which is shown in the second column : their 
heights at either end, which are arbitrary, dependent upon 
the judgment of the engineer, are given in the third column. 
The fourth and ^fth columns show whether the gradient rises 
or falls, and how much. The sixth gives the actual length of 
the gradient. These, of course, are obtained from the 
preceding columns — ^being the bases and perpendiculars of 
right-angled triangles — ^whose hypothenuses or rates of inclina- 
tion have to be calculated. In the first gradient, for instance, 
which rises 15 feet in 90 chains, or 5940 feet, iLj^<>zz396; or 
in every 396 feet of length, the gradient of the line of railway 
rises 1 foot This is the seventh column. The rate of inclina 
tion of each gradient must be entered upon the section. 
Again, in the same example, if the line rises 15 feet in 90 
chains, it will rise ^^, or ^ in every chain. This expression 
of the rate of inclination is not shown anywhere in the sec- 
tion, but is indispensable in obtaining for the cross section the 
height of the gradient at the crossing of the roads. It is given 
in the eighth column. 

The SECOND SCHEME is prepared for the purpose of ascer- 
taining the difierence at any road between the ground line 
and the gradient line, and thence deciding upon the mode of 
conveniently altering the approach, to admit of the passing of 
the railway. 

The Jirst column gives the Nos. of the road ; the second 
column shows what gradient it is in ; the thirdy its distance 
upon the section, so many miles, furlongs, and chains. This 
distance is obtained from the Field Notes. The fourth column 
gives its distance upon the respective gradient, which can be 
obtained fi-om the first scheme. Thus in the fifih road, by 
turning to the Field Note, you wiU find the second road 
comes at 2 miles, 2 furlongs, 5 chains, 45 links ; which, on 
inspection of the first scheme, will be found to fall within the 
third gradient, which commences at 2 miles. The distance of 
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CALCULATING THE APPROACHES. 249 

The FIRST SCHEME givcs the several gradients, where they 
begin and end, which is shown in the second column : their 
heights at either end, which are arbitrary, dependent upon 
the judgment of the engineer, are given in the third column. 
The fourth and Jifth columns show whether the gradient rises 
or falls, and how much. The sixth gives the actual length of 
the gradient. These, of course, are obtained from the 
preceding columns — ^being the bases and perpendiculars of 
right-angled triangles — ^whose hypothenuses or rates of inclina- 
tion have to be calculated. In the first gradient, for instance, 
which rises 15 feet in 90 chains, or 5940 feet, iL||.<>=396; or 
in every 396 feet of length, the gradient of the line of railway 
rises 1 foot. This is the seventh column. The rate of inclina 
tion of each gradient must be entered upon the section. 
Again, in the same example, if the line rises 15 feet in 90 
chains, it will rise Jf , or \ in every chain. This expression 
of the rate of inclination is not shown anywhere in the sec- 
tion, but is indispensable in obtaining for the cross section the 
height of the gradient at the crossing of the roads. It is given 
in the eighth column. 

The SECOND SCHEME is prepared for the purpose of ascer- 
taining the difference at any road between the ground line 
and the gradient line, and thence deciding upon the mode of 
conveniently altering the approach, to admit of the passing of 
the railway. 

The Jirst column gives the Nos. of the road ; the second 
column shows what gradient it is in ; the thirds its distance 
upon the section, so many miles, furlongs, and chains. This 
distance is obtained from the Field Notes. The fourth column 
gives its distance upon the respective gradient, which can be 
obtained from the first scheme. Thus in the fifth road, by 
turning to the Field Note, you wiU find the second road 
comes at 2 miles, 2 furlongs, 5 chains, 45 links ; which, on 
inspection of the first scheme, will be found to fall within the 
third gradient, which commences at 2 miles. The distance of 
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CALCULATING THE APPROACHES. 249 

The FIRST SCHEME givcs the several gradients, where they 
begin and end, which is shown in the second column : their 
heights at either end, which are arbitrary, dependent upon 
the judgment of the engineer, are given in the third column. 
The fourth and Jifth columns show whether the gradient rises 
or falls, and how much. The sixth gives the actual length of 
the gradient. These, of course, are obtained from the 
preceding columns — ^being the bases and perpendiculars of 
right-angled triangles — ^whose hypothenuses or rates of inclina- 
tion have to be calculated. In the first gradient, for instance, 
which rises 15 feet in 90 chains, or 5940 feet, iL^i>=z396; or 
in every 396 feet of length, the gradient of the line of railway 
rises 1 foot. This is the seventh column. The rate of inclina 
tion of each gradient must be entered upon the section. 
Again, in the same example, if the line rises 15 feet in 90 
chains, it will rise ^f , or ^ in every chain. This expression 
of the rate of inclination is not shown anywhere in the sec- 
tion^ but is indispensable in obtaining for the cross section the 
height of the gradient at the crossing of the roads. It is given 
in the eiffkth column. 

The SECOND SCHEME is prepared for the purpose of ascer- 
taining the difference at any road between the ground line 
and the gradient line, and thence deciding upon the mode of 
conveniently altering the approach^ to admit of the passing of 
the railway. 

The Jirst column gives the Nos. of the road ; the second 
column shows what gradient it is in ; the third, its distance 
upon the section, so many miles, fiirlongs, and chains. This 
distance is obtained from the Field Notes. The fourth column 
gives its distance upon the respective gradient, which can be 
obtained from the first scheme. Thus in the fifth road, by 
turning to the Field Note, you will find the second road 
comes at 2 miles, 2 frirlongs, 5 chains, 45 links; which, on 
inspection of the first scheme, will be found to fall within the 
third gradient, which commences at 2 miles. The distance of 
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CALCULATING THE APPROACHES. 249 

The FIRST SCHEME givcs the several gradients, where they 
begin and end, which is shown in the second column : their 
heights at either end, which are arbitrary, dependent upon 
the judgment of the engineer, are given in the third column. 
The fourth and Jifth columns show whether the gradient rises 
or falls, and how much. The sixth gives the actual length of 
the gradient. These, of course, are obtained from the 
preceding columns— being the bases and perpendiculars of 
right-angled triangles — ^whose hypothenuses or rates of inclina- 
tion have to be calculated. In the first gradient, for instance^ 
which rises 15 feet in 90 chains, or 5940 feet, JL^<i=zS96; or 
in every 396 feet of length, the gradient of the line of railway 
rises 1 foot. This is the seventh column. The rate of inclina 
tion of each gradient must be entered upon the section. 
Again, in the same example, if the line rises 15 feet in 90 
chains, it will rise ^f, or ^ in every chain. This expression 
of the rate of inclination is not shown anywhere in the sec- 
tion, but is indispensable in obtaining for the cross section the 
height of the gradient at the crossing of the roads. It is given 
in the eiffhth column. 

The SECOND SCHEME is prepared for the purpose of ascer- 
taining the difference at any road between the ground line 
and the gradient line, and thence deciding upon the mode of 
conveniently altering the approach, to admit of the passing of 
the railway. 

The Jirst column gives the Nos. of the road ; the second 
column shows what gradient it is in ; the third, its distance 
upon the section, so many miles, furlongs, and chains. This 
distance is obtained from the Field Notes. The fourth column 
gives its distance upon the respective gradient, which can be 
obtained from the first scheme. Thus in the fifth road, by 
turning to the Field Note, you will find the second road 
comes at 2 miles, 2 furlongs, 5 chains, 45 links; which, on 
inspection of the first scheme, will be found to fall within the 
third gradient, which commences at 2 miles. The distance of 



250 CALCULATING TH£ APPROACHES. 

this pointy therefore, upon its own gradient, will be 25*45 di& 
This distance will be put into the fourth column. The next 
column, which is Xhi^^fifih^ contains the height of the gradient 
line at the point 25 45 chs., being the centre of the road No* 5« 
This is obtained from the previous column, Na 4, multiplied 
into the Uut column of the fibst bcheme, which gtves the rise 
in feet of every chain of this distance ; thus, on turning to the 
first scheme, the rise for the third gradient will be *0653 of 
a foot per chain: 25*45 chs. multiplied by -0653 will give 
1*66 feet; which, as the gradients rise, (denoted by the co- 
lumn into which the amount of rise, viz. 5 feet, is placed — 
see first scheme,) will have to be added to 110, the height of 
the gradient line at its commencement, thus making the 
height of it at the road 111*66 feet This height is entered 
in the Jifih column. Again, on turning to the Field Notei^ 
you wiU find the height of this road to be 96*32, which is 
entered in the next column. No. 6. The two following co- 
lumns merely give the difference between the gradient line 
and ground line — entered on one or the other, according as 
the gradient line is above or below the ground line. In the 
case of the road. No. 5, which we have been considering, it is 
15*34 feet above the ground line. 

It must be clearly understood here, that thus far these 
columns are all means to an end : the end or object of the 
whole is the result to be obtained in the last column. No. 9> 
which explains wltether the road is to Be lowered or raised — how 
much — aud whether it is to he passed over, or vnder, or on a 
leeeL 

** Whether it is to be raised or lowered," depends upon the 
lodgment of the Engineer, applied to the consideration of 
local difficulties, who, in his decision, must be guided by the 
cross section, which has been for this purpose prepared for 
him, and by the nature of the adjoining main section, and the 
character of the country on either side of the line. 
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It might happen that the present road 8ur6Eu;e was ahready 
raised; and it might not be desirable to increase the ascent, as 
the iqpproaches, in doing so, might become too long. On the 
other hand, it might be already a sunken road^ or on a level, 
vith a flat and marshy district, and if lowered could not easily 
be drained. Again, in the particular case under considera- 
tion, it might be both inconvenient and expensive to do either; 
while by passing on a level, which the slight traffic in the 
neighbourhood could not make objectionable, every difficulty 
might be got rid of. As to the power of establishing the fact 
of want of traffic, in case of opposition, and therefore satisfy- 
ing the Committee to allow of its being passed upon a level, 
that would; of course, depend upon the Promoters or Solicitor 
of the Bill. In my own opinion, I think the Committee are 
not acting with sufficient forethought, in allowing any roads 
to be passed on a level, unconditionally. The Compuiy should 
be bound, at any &ture time to throw a bridge over the rail- 
way, whenever the increased traffic of the neighbourhood re- 
quired it 

As to how much the road has to be raised or lowered, a few 
words need only be said. It is a mere matter of calculation, 
depending upon the previous decision. 

When a road approach is passed over by the line, the usual 
distance allowed from the sur&ce of the road to the gpradient 
line or sur&ce of rails, is 20 feet. The 20 feet are obtained 
in this way: 16 feet from the road to the soffit of the arch; 
1^ feet for the voussoirs ; \ foot for the puddling ; and 2 feet for 
the ballasting of the railway. The height may be reduced by 
using strong iron girders. 

When the approach is passed under — as one foot of metal- 
ling, as it is termed, is quite sufficient for a common road 
approach — ^whereas 2 feet of ballasting are wanted for the 
sleepers, 19 feet will be sufficient: this also can be reduced 
by the same means. In the examples, however, and the cal- 
culations given in the book, when the road goes undtr the 
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railway, 20 feet are allowed. When the road goes over the 
railway, 19 feet are sufficient. 

These being premised, let us proceed to the consideration 
of the last column ; and, as an example of the mode of deter- 
mining the alteration to be made, we will continue to use 
the 5th road. On turning to the second scheme, to the seventh 
column, and running the eye down to the 5th road, the gra- 
dient line will be found at this road to be 15*34 feet above 
the ground line. Now for the railway to go aver the road* 
this distance should be 20 feet; deduct, therefore, 15*34 from 
20 feet, which will leave 4*66 feet or 4 feet 8 inches. This 
distance, as the gradient is fixed, must be obtained by lowering 
the road. The following entry will therefore have to be made 
in the ninth column ; viz. Road to he lowered 4 feet 8 inches^ 
and passed over. 

Take, as another example. Road No. 8. The gradient line 
of the road, on inspection of the 8th column, will be found 
1*80 feet below the ground line. Now, whenever the rail- 
way has to go under the road, it should be 19 feet under it; 
at present it is only 1*80: deduct 1*80 from 19 feet, this will 
leave 17*20 feet, or 17 feet 2 inches; which is the height that 
the road will have to be raised, to allow the railway to go 
under it. This remark upon Road No. 8, will be found in 
the last column; viz. " Road to be raised 17 feet 2 inches, and 
passed under." The other roads, the reader is recommended 
to work out for himself. The only explanation that may be 
useful to him in doing so, is, that when the surface of the 
rails crosses the road 20 feet, or more than 20 feet above or 
below it, the road remains the same, the level is unaltered. 
This is the case with Road No. 3. And that when, as at Road 
No. 7, the gradient line is so much above the road, that it 
would not be prudent to raise the road high enough for the 
railway to pass under, and yet, at the same time, requiring 
the road to be so much lowered, in order to pass over it, that 
it would be beneath the bed of the river; it becomes neces- 
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saxy to raise the road to the height of the railway, and cross 
it on a level. 

The column (No. 9) thus obtained has to be transferred to 
the main section with the remarks to each road entered at 
their proper places, as at road. No. 2, for instance, and the same 
plan prevails throughout, there is entered " Road from Hereford 
to Worcester to he raised 14 feet 6 inches, and passed under.*^ 
See Cross Section^ No. 2. 

This will now bring us to the consideration of the Cross 
Sections themselves, and the mode of representing these ar- 
rangements upon them. Thus still referring to Road No. 2, 
as a example, on looking to the 8th column of the Second 
Scheme, the level of rails will be found 4 ft. 6in. under the 
ground line. It has been already said, that previously to 
delivering the sections to the engineer, the point where the 
rail line crosses the approach, should be marked by a vertical 
dotted line. Mark off now therefore upon this line the re- 
quired position of the level of the rails; represent this as shewn 
in the example, 4 feet 6 inches, under the ground line, and 
from this point upwards always upon the same vertical line 
lay off 19 feet, for the centre point of the road surface. 

Then to obtain the slope of the approach, refer back to the 
main section, and observe whether it is a turnpike road, a high 
road, or occupation road. A high way, a public road are 
synonomous with a high road. The tiurnpike road must not be 
steeper, than 1 in 30 ; the high road, than 1 in 20 ; and the 
occupation road, than 1 in 15. The quickest plan to lay off 
this slope upon the sections is to calculate in each case what 
will be the length of the base of a right angled triangle, 
whose height is 19 (or 20 feet as the case maybe,) to make 
the hypothenuse the required slope; a slope of 1 in 30 (in the 
case of the turnpike road) will make this base 30X19 = 570 
feet = 8 64 chains. This distance must be laid off upon the 
level of rails line on each side of the vertical dotted, or centre 
of road line, and the points thus obtained joined to the centre 
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point of the road. These lines will represent the surface of the 
road, and will be limited as to their length by the ground line. 
In the given example No. 2, as the line of railway happens to 
cross m the lowest part of the road and the ground rises in 
each ride, the slopes fall short The same system should be 
ad<^ted with the other roads. The distance for the public 
road, or highway will be 20 X 19 = 380 feet = 5.75 chs. Roads 
2 and 4 in the section are examples of the former, being turn- 
pike roads, and are therefore 1 in 30, having their distance on 
each side 8*64 chs. The others are all high roads, of a slope 
1 in 20, with the distance of 5*75 chains on each side. Of 
course, it will make no difference, the reader must be awai«, 
whether the level of rails be above or below the ground line, 
as in the former case in roads No. 4, 5, and 6, or in the latter 
as in the example just referred to No. 2. It will only be the 
same triangle turned upside down, the lines of the slopes wUl 
still be bounded by the ground line, only in the former case 
they will be beneath the ground line ; in the latter case, above it 
In this example of cross section No. 2 will be seen all the lines 
and remarks required by " standing orders. " It is imperative 
to shew the ground line, the level of roads, the height, and 
approach of the |H*oposed road, to distinguish them as the pre- 
sent and altered surface of road, and to enter upon each their 
different slopes. Thus in the same example, the reader will 
find the present surface of road marked 1 in 25 on the left and 
1 in 23 on the right, and the surface of road when altered 
1 in 30. All the sections are required to be done in this way. 
In the plate however the reader will find the lines only shewn 
upon the other sections. The repetition of the same terms 
would have been of little benefit and fi:om the quantity of 
writing would been added materially to the expence of the 
work. The writing, therefore, has been omitted. 
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CHAP. XIV. 

SUPERFICIAL AREAS. 

On the mode of calculating the superficial areas, occupied by the 

railroad. 

Having determined the effects of the line in the altering of 
the approaches^ the next thing to be ascertained^ is the super- 
ficial area that it will occupy, so as to estimate the expence of 
purchasing the ground. This will, of course, depend upon the 
heights or depths of the cuttings and embankments, upon the 
width of the line, and the proportion of the slopes. 

In making these calculations, much depends upon the object 
in view and the pressure of time. In preparing for deposit, 
the difference of heights between the section line and the yra- 
dient line are taken by the compasses ; while, in preparing for 
the contracts, it is requisite they should be calculated from 
the field book, and the rates of inclination in the section. 
Again, for deposit, these differences are only taken at any appa- 
rent change of inclination in the ground line, while for the 
contracts they must be made for every two chains. 

Before proceeding to calculate the superficial quantities 
occupied by the Rail Road in the example given below of the 
Great Wigston Surve^, let us take some general case, and 
explain the best method of calculating the areas of the several 
blocks, into which any length of line must necessarely be 
divided. 

Let a, by be the several heights ; let c be the width of the 
railway ; and let the slopes be as m to 1 (by the term ^^ slopes " 
is meant, technically, that the base of the slope is to the 
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height of the slope as m : 1); therefore, if the heights be a, 
b, the bases of the slopes will be ma, mb. 





D 



H 



4 



U 



5. 



Let AB be any length of line, whose height at A is (a), 
and at B is (6). Then, if AD be taken as the half of the 
line, and DE and HF be the extent of the slopes on the one 
side, then DE and HF will be respectively equal to ma and 

mb; and therefore, the area of AEFB will be ^+^^+>^^^ ^ ^^ 

where ii equals the length, but AEFB is only half the area ; 
therefore the whole area of the block equals (c+Twa+w^i). ii 

Example 1. — Required the superficial area of a portion of 
a portion of railways, 20 chains long and 12 feet high at one 
end, and 10 feet at the other, the slopes being 2 to 1 (the 
width of line being 33 feet); now cm 33, a =12, J =10, and 
m=2y and h 2= 20 chs. ; therefore. 



§ 



33+34+20 



Am K • 



66 



- X 20=: 23-333 sq. chains =2. 1. 



p. 
13. 



In this example c, a, and b, being in feet, it becomes 
necessary to divide their sum by 66, to bring them into 
chains. These multiplied into the 20 chains long, make the 
23*333 sq. chains. 

Example 2. — What will be the superficial area of a cutting 
of a railroad, whose depths at every chain are 0, 2, 3, 5, 7, 9, 
8, 6, 4, 2, 1, feet; the other data being the same as in the 
last example ? 
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The formula for the area is (c+ma-^-mb) ii; in the two 
end areas, in the present example, where a= 0, and ^=rO, 
ma and mb would be 0, and the areas will be (c+iw5) n, in 
the one case, and (c4-w««) n in the other. 

Now the whole area = -iL |(c+m6;4-(c f m6-|-»ic)+&c.) 

or, by taking separately the whole of the central area, which 
will be — . n c, and applying the formula for calculating the 

areas of ofisets, page 53 of the Tent Book, viz. Area ir d 
{bg-\'ch-\~dU &c.), that is, the area equals the sum of the per- 
pendiculars into the common distance, to the areas of the 

2 n 
slopes^ we have for their area — -.(?w6+wc+W{/, &c.) sq. chs.; 

therefore, 



the whole areazz 



^%' 



33 X 11+2(4+6 + 13 +&c.)| 



A. R. P. 
= 8*34 square chains = 3 13. 

Example. — What will be the area of a mile of railway* 
whose heights of embankment for the first quarter of a mile* 
at every 5 chains, are 0, 12, 25, 50, and 20 feet; for the next 
25 chains, the line is level; and then, to the end, runs through 
a cutting, which rises gradually to the height of 40 feet, at half 
way, and descends to the end, having the other data as the 
preceding? 

A. R. P. 

Ajts. : 245*45 sq. chs. = 24 2 7. 
Where, however, the area required is a portion only of a 
cutting or embankment. 

area of slopes - ^-^+7w6+mc&c. + '"^ 



66V2 ■ 2 

mta being the last height. 
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Great JVigtton Noie» and Sedimu 

The following Held Notes are taken from the levels upon 
the direct Manchester, they begin at 9 miles 50 chains, and 
end at 11 miles 15*42 chs. on the centre of the road from 
Newton Harcourt to Great Wigston, being the same portion 
as was selected for the second example of railway surveying. 
The position of the levelled line is shewn upon the plan. 
As this portion was selected from the middle of a longer section, 
the reduced level of the starting point was of course borowed 
from the MAIN SECTION, viz. 277*64 feet above the datum line. 
There is nothing particular in the notes themselves to call the 
Student's attention to^ they were selected for the purpose of 
explaining the mode of calculating the superficial quantities, 
required for the purposes of the railway, out of each field, 
which could only be done when the plan accompanied the 
section. The plao, to make it to a sufficient scale to answer 
the purpose of explanation would not admit of its being very 
long. The section on the other hand required some consider- 
able length to take in the proper subjects of remark and ex- 
planation. The present small section, therefore, has only been 
introduced to explain the superficial quantities. 

The only remarks that need be made upon it, are that at the 3 
roads which are crossed by the line, the B. ITs. are numbered 
the same as the roads, viz. 17, 18, and 19. These roads occur 
at 9 miles 64*08 chs.; 10 miles, 69 chs.; and 11 miles, 
15*42 chs. The level of the water in the brook at 10 miles 
3' 15 chs an4 11 miles 1*99 cbs is given, and the distances 
upon the line. As to the arrangement of the notes themselves, 
the first 3 columns are given, the ^^rises " and "falls" are left 
out, but so much of the " reduced levels " as is required to 
check the main points is inserted among the remarks^ The 
distances and remarks are, of course, all inserted. 

In addition to these Notes being used for the superficial con- 
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tents of land taken out of each fields they ha^e also been used 
for the purpose of explaining the calculation of Cuttings and 
Embankments, the larger section being confined to its more 
legitimate purpose of explaining the mode of crossing the roads 
and rivers, and of determining the gradients or rates of 
inclination. 
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Superficial Quantities continued. 

Having plotted these Notes of the Great Wigston Section, 
it would be as well for the student to calculate the superficial 
qualities both ways, viz., in the way they would be done before 
and after the Act 

The best way to do the former would be to prepare a Scheme 
which is most generally adopted in offices. 

Previous to this however it will be necessary to erect per- 
pendiculars throughout the section, wherever the ground line 
changes, and to measure these heights between the ground and 
gradient lines. Enter these in the first column, measure the 
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distances between the perpendiculars^ and enter them in the 
second column^ the two heights at either end^ as a fraction, 
in the first, with the distance between them, in' the second. 
The same data will also form the first two columns of the solid 
quantities. Now by referring to the explanation at page 256> 
each of these portions into which the whole line has been di- 
vided will be found to have their area equal to (c-f-wia-J-mft) ii 
where c = the width of railway. The value of c must 
not now be assumed as 2 (15) feet, or double the half width 
of the line simply — which was done at first to facilitate the ex- 
planations,, but as 2 (15 + 10, an allowance for the side ditches) 
or 50 feet. Enter therefore the several values of the formula, 
(c'\-ma+mb) or 50+ twice the sums of the heights, supposing 
the rates of slopes to be 2 to 1, in the third column, which 
will be in feet. Then multiply the second and third columns 
together for the fourth column, which being added together, 
due care being had of the proper decimal points throughout, 
and divided by 66, will give the fifth column or the whole area 
of the cutting or enbankment in square chains. 

The reader will perceive that it would have been a waste 
of time to have ascertained the square chains in each of the 
several portions that formed the embankment, as instead of 
having only to divide the sum of the fourth column, each por- 
tion must then have been divided by 66. 

The superficial quantities of the Great Wigston Section 
calculated in this way, which I have given for practice to the 
reader, stand thus : 

1st embankment . . 9 acres. 1 rood. 30 perches. 

1st cutting 9 acres. 1 rood. 16 perches. 

2nd embankment . 3 acres. 1 rood, 20 perches. 



Total. ... 23 acres. roods. 26 perches. 
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After the Act. 

When it is required to ascertain the quantity of land re- 
quired to be taken from each field along the line for the pur- 
poses of the railwayi a different plan must be adopted^ Fiist 
calculate the gradient heights at equal short distances^ say five 
chains — thus the inclination of gradient beii^ 1 in 387 ; now 
by reducing the 5 chains into feet, and saying as 387 : 1 :: 330 
feet: j;=*8527 feet— we have as the ground fidls from the 
starting point, the value in decimals of a foot to be substracted 
from every five chainsi because the height at starting is accord- 
ing to the levels previously taken, 27 7 '64ft. above the datum 
line— the heightatS chains will be 277-64— -85 or 276-79 feet, 
at 10 chains will be 276-79— -Sfi or 275-94 feet, and so on* 
These gradient heights being afterwards compared with the 
heights of the ground at corresponding distances found in the 
level book or meaisuri^d on the pla^, their difference (h) must 
be noted down. These several heights and distances should 
then be entered Vf^ separate columns, &c., distinguishing the 
embankment? and cuttings. 

j(^ow as the railway ji^ to be 30 feet wide, isnd 10 feet 
allowed on each side for ditches, the general width at surface 
of raijs will be 50 fcet^ and as the slopes ai^e two tp 1, the 
whole width required for th^ railway will be 50Tf 4A, where 
h r^prpsents th« difference in feet betw^n the gradie^t and 
grpuRd heigbt^— tJiege quaqtiti^s should be entered in a sepsr 
rate column. Now lay off half of these widths {nu the plan PP 
each side of the red line at the end of every 5 chains, or as 
often as may be requisite. The first half-width at starting 
will be 25 feet, which must be measured off on each side of 
the Rail line perpendicular to it. The next at 5 chains, 
52-58ft. ; at lOcbs. 75-88ft. ; at 15chs. 88-18fl:. ; will be the half 
widths, and so on till the whole is complete. 

This must afterwards be drawn in carefiiily in ink, the 
centre or actual width of the railway must also be shewn on 
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each side in dotted lines^ a&d the cuttings, then coloured 
lightly in lake, and the embankments in green* 

The portion of ground required to be taken from each field 
for the railway, will then have to be calculated, by dividing 
those portions into trapeziums and triangles, and finding the 
areas, from the rules given at page 18. Finally, these areas 
thus calculated, are marked conspicuously on the plan, on or 
as near the rail line as may be found most convenient The 
several areas required for each field in the example given for 
the student's practice, will be found marked upon the plan, 
their total amounting to 22 acres, roods, and 6 perches. 



CHAP. XV. 

CUTTINGS AND EMBANKMENTS. 

It is requisite that the reader should understand, that these 
solid quantities have reference, not to the gradient, or surface 
of rails line, but to what is called the hcdaiice line ; that is, to 
the lower line of the ballasting. There are generally 2 feet 
of ballasting upon every line of railway in which the sleepers 
are placed. This ballasting forms a portion of the permanent 
way, and is not mixed up with the earthwork, which is inva- 
riably reckoned separately. As iregards the line of raib, 
therefore, which is the line shown upon the section, this ba- 
lance line will be two feet beneath it throughout; and the 
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heights measured off from the section will be two feet too 
much for the embankments, and two feet too little for the 
cuttings. In getting out the quantities, therefore, for the 
earthwork of a line of railway, having obtained the heights at 
either end of the several blocks, (as explained at page 256, in 
the chapter on Superficial Quantities,) deduct two feet for the 
embankment heights, and add two for the icuttings. These, 
with the distances and heights of the several b||y;ks, will form 
the first and second columns of the Scheme, pages 247 & 248- 

There are two or three methods adopted in practice, in the ^ 
calculation of these quantities ; viz., the Prismoidal formula, 
Bidder^s Tables, M^Niel's, &c., each of which shall be briefly 
explained. 

1 . Prismoidal Formula* 

Let c be any width of cutting, having, at one end, the height 
z= a, at the other = J; length of cutting = U, slope 2 to 1, • 
or generally m to 1. 

Now the solid, thus cut off, assumes the form of an imper- 
fect prism, which may properly be divided into three divisions; 
the central one, being a solid, generated by a plane of the 
given heights and length; moving along a plane, at right 
angles to it, to a distance, equal to the width of the railway ; 
and the two slopes, equal to each other, being strictly frustra 
of pyramids; the height of the frustra beiiig equal to the 
length of the cutting, and the sides of either end, being the 
rides of a right-angled triangle, whose base n the height of 
the cutting at that end ; and perpendicular, the proportion of 
of the given slope to it. 

Having the same data as above, (see Diagram, page 256,) 

the central contents = n. ^a-^b), where c = width of railway. 

areas of the two ends 4- the mean area , \^^„^h 
slopes =1 5 ^ ^^^ lengtli, 
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.*. The whole contents =:--i'c(a'\-5)+-^(a^+B^-\-alf) 



•J. 



n —- — — ^. — -. vjt+iv , . 7n 



^hich is the prismoidal formula; where c+wia. a and c+wJ. -5 

are areas of the two ends, and 4 (^~^) (c+^. 0+2) is 4 times 

the area of a section midway; tlie whole area being equal to 
the sum of these three into ^ the length, whether of cutting 
or embankment 



2. Moseley^s Formula. 

This formula, for which I am indebted to the late Professor Mo- 
seley, of King's College London, I have had severalopportunities 
of testing, and have found it exceedingly usefuL The calculations 
from the Prismoidal Formula, which is geometrically deduced, 
are strictly accurate ; but they are too tedious for general pur- 
poses. Bidder's Tables, on the other hand, though convenient 
for common practice, are still, from being only calculated to 
full feet and limited to 50 feet, unfitted for contract estimates. 
Whereas Moseley's Formula, being applicable to any height 
and any subdivision, and embracing any extent of cutting, 
whose heights are taken at any equal distances whatever, be- 
comes especially useful for the final calculations, which are 
usually made at every two chains of distance, and to heights 
of one hundredth of a foot. 
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Because (^Seeprwiaiu page*^ 

_nm 3c- 



the central area of any block zzn.Ua +i)= -g-, —.a ■\'S) 

and the slopes =~m.(d«-f i«4-a«)=^(2a«+2««+2a6) 

.-. whole contents =~^(a+b)^2a^+2h*+2ab) 

Now let a=y^y and h^y^y we have 
1st contents = yC -(yi+y,)4-2yi«+2y,«+2j^,y,). 

And^ as the adjoining cutting must commence with the same 
height with which this terminates, supposing the other height 
of the second block = y^^ and next height y^t we have — 

area of 1st block = -;|^(-(y,4-yi)+2yi*+2y8*+2yiyj) 
of 2nd block = ^(|(y.+y,)+2y.*+2y,«+2y,y,) 

and the series = -^(^1+2^2+2^3 2yn.i+y„)-f 2(yi«+ 

2y,«+2y32 2yii+yS)+2(yiy,+y,y,+y3y4+— y«-i- 

y»>r A 

and .-. = ""f ^^2:^,. ^ (y , +y,) 4-2(236y^«— (y ^ « 4-y„«) 4. 
2(iS). 

Now, when yi and y« are =0, which is the case in a com- 
plete cutting or embankment, we have — 

Total contents = ^nm(^ 23y„4-4:8yn«+2()3)), 

where ^y^ =1 the sum of the simple quantities, 
and ^yn^^ the sum of their squares, 

and p>zz the sum of the continued products of the simple 
quantities. 
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3. Biddei^h Formula^ 



for computing the solid contents, i 

for the slopes = — ((a+fi)* — ah) i 

^ ' N- in yards. 

for the centre zz— (a+A) V 

This is for a chain in length, and in the centre for a foot 
wide ; the slopes being one to one. 

Now, it has been previously shown (page 256) 

that —c(a +fc)=contents of centre. 

Let c =: 1 foot, which is the width to which the tables are 
calculated. 

and n zz 1 chain or 66 feet, .'. -k" (^ + ^) in cubic feetzzcentre. 

fifi 1 11 

.• of— or t^a^h) in cubic yards=centre. 

And that the slopes zz^(«« 4-52^.^5) 

Let m =: 1, and '^zz 66 feet as before. 

66 22 

.-. slopes = —feet, or--(a*+**+tf6) in yards. 

22. 



and ••. =1— (a+6— ai) cubic yards. 

The central contents, thus obtained, would have to be 
multiplied by the length of the blocks in chains, and the 
width of the line in feet ; and the contents of the slopes^ by 
the ratio of m to 1, and by the length of the block in 
chains. 

M^NeiT9 Tables are also for slopes of 1 to 1, and for base of 
1 foot ; but not for lengths of 1 chain. 

The quantities obtained, therefore, in McNeil's tables, would 
have to be multiplied, for the centre, by the width of railway 
[ in feet; and for the slopes, by the length n (in feet). 

These two tables, however, are only calculated for long 
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sections, and for full feet, (for which they are invaluable) 
principally, for computing the whole contents of a line previ- 
ous to going to Parliament, to form the first estimate of the 
expense. 

Example. 

(Which is fully worked out, both by Bidder* s Tables and Moseley* s 

Formula.) 

Required the solid contents of a cutting or embankment, 
whose several heights at each chain's length are, 0, 5, 10, 15^ 
20, 25, 30, 30, 24, 18, 15, 10, 0— slopes 2 to I, and the width 
of railway, 30 feet 

BT bidder's tables. 



Lengths. 


Heig^ht at 
either end* 


Central 
Contents. 


Contents 
ofSlopes. 


1-00 
I'OO 
100 
1-00 
100 
100 
1-00 
100 
1-00 
1-00 
I'OO 
1-00 


U 
V 


6-1 
18-3 
30-6 
42-8 
550 
67-2 
73-3 
66-0 
51-3 
40-3 
30-6 
12-2 


20 

143 

387 

754 

1243 

1824 

2200 

1789 

1085 

667 

387 

82 




4937 
30 


10611 
2 




14811-1 


21222 
14811 




36033 
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493'7 being the number of cubic feet in the central column, 
for the width of one foot, which must, therefore, be multiplied 
by 30 for the whole width, and 10611 being the contents of 
the slopes for the ratio of one to one, which must, in this 
case, at the ratio of two to one, be doubled ; the sum of the 
two, 36033, will be the number of cubic yards required. 

BY MOSELEY's formula. 

The sum of the simple quantities iz: 202 — S y„ 
the sum of their squares iz: 4400 z= >; y^ 

the sum of their products 
(of each with its preceding) zr 4400 z=z /3 



Now the formulae ^\—.2j^yn+4j:yn^+2l3\ and 

6 ( m ' 

2 5:y«=404;if zz45; 4 2^„2 = 176000; 

m 

2^=8444 and5^=|. 66 

O D 

.-. f66 (404x45+17600+844)= cubical contents. 
=22(18180+17600+8444) 
= 972928 cubic feet =36034 cubic yards. 

Example. — Calculate, by Moseley's formula and Bidder's 
tables, the cubical contents of an embankment, whose heights 
at every chain are 0, 2, 3, 5, 7, 9, 8, 6, 4, 2, 1, 0, slopes 2 to 1 ; 
width of centre, 33 feet. Ans. 5178 cubic yards. 

Example by the Prismoidal Formula. — What are the 
contents in cubic yards of a cutting, where the heights at every 
2 chains are, 0, 3, 5, 7*5, 8, 9\% 8, 6, 4, 0, the width of the line 
being 33 feet, and the slopes 2 to 1. 

becaus e c + m cu a = area at one end. 
and c + mb. b = area at the other. 

and — o — (^+ ";-a+^)= area midway. 



.••0,33+6x3, 33+10x5, 33 + 15x7-6,33+16x8&c.,---0, 
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are the several end areas, the first and last in a complete 
cutting being always zero. 

and I (33-1-3), ^.(33+3 +5),?±^. (33 +5+7-5), &c„ 

are the several areas midway. 

Now the sum of the end areas = 2404 square feet, and that 
of the middle area = 2380. 

But four times the middle area, plus twice the end areas (as 
the areas at every height serve for end areas to two sections, the 
first and last, which are the only two single ones having, as 
above shewn, no value at all), multiplied into i the common 
length, will be the contents in cubic feet 
... M2^0^) + M2380)X132^ 3152jg ^„y^ ^ 

3 
=z 11675 cubic yards, = the solid contents required. 

The student is now recommended to take the Great Wigston 
Section, and with the usual data of 30 feet for the width of 
centre, and with the^ slope of 2 to 1, to calculate the solid 
contents of the cuttings and embankments, the following scheme, 
being the first portion of it, viz., Embankment No 1, has been 
added, fully worked out for an example. 

In the first column are the heights at either end, with the 
two jfiset deducted, on account of its being an embankment, 
from Ae height on the section. The second column contains 
the length. These two form the data. From the first column, 
the third and fourth column are obtained firom Bidder's Tables; 
the third, being the central contents to one chain long and one 
foot wide ; and the fourth, the contents of the slopes, to the 
respective heights as given in the first column, to one chain 
long, but to a slope of 1 to Ik Now, by multiplying the lengths 
into these two colunwjs^ vi;5., the third and fourth, the fifth 
and sixth are obtained, which are termed the "reduced 
centres" and " reduced slopes." Both columns must now be 
added up ; — the former, as it is only calculated to one foot wide, 
must be multiplied by thirty, the width of dae railway ; an 
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the latter, as the tabular slope is only 1 to 1, must be doubled, 
to bring it to the slope of 2 to 1. The results thus obtained 
must be added together, and their sum will be the required 
solid contents in cubic yards. 



4 

a> 


• 
09 

.a 
p 

2-50 


s 

4-9 


Si 

CO 


Reduced 
Centres. 


S 09 


Cuttings and Embank- 
ments. 


i 


13 


•250 


32-50 


« 


4 
1 1 


3-25 


18-3 


147 


59-475 


477-75 


• 


« 


410 


39-1 


646 


160-310 


2648-60 




U 


4-50 


58-7 


1415 


264150 


6367*50 


- 


U 


5-50 


69-7 


1987 


383*350 


10928-50 




n 


5-10 


79-5 


2587 


405-450 


13193-70 




M 


500 


77-0 


2436 


385-000 


12180-00 




n 


5-00 


56-2 


1313 


281-000 


6565-00 


Embt. No. I 
173,350 cubic 


¥ 


6-80 24-4 

1 


297 


165-920 


2019-60 


yards. 


* 


3-80 


6-1 


16 


23-180 


60-80 




*■ 


160 


3-7 


7 


5-920 


11-20 






. 1--^. .-^. : : > 


2146 005 


54485-15 






30 


2 






64380 


108970-30 
64380 








• 




173350-30 





The solid contents of the whole section given as an example 

are — 

The 1st Embankment 173-350 cubic yards. 

Ist Cutting 196-115 « 

2nd Embankment .... 11-840 " 






.272 cuTTmos and embankments. 

Instead of the preceding, however, there are two methods 
in common use among contractors, which, though apparently 
correct, are really far from being so. 

The first is by taking the mean of the two end areas, 
which makes the results too much. 

The second, by taking the area of the mean height, 
which, on the other hand, makes it too little. 

Now, in the proof of Bidder's formula, it has been shown 

that the contents of slopes = — (m (a -f- 6 — a6 ), and of the 

3 



n 



centre=r— .c( a + i therefore the whole contents are =: 

n (^ a + * — ^^) + — TT'^) *"^^ ^y assuming x and y, as the 
3 ^ 

unknown values of the respective excess and deficiency in the 

two erroneous methods above, and equating them with the true 

formula, we can obtain their respective values. 

Of these two incorrect formulae 



the first n i£±5^:5±£±^^ = ^^^ + Sma^ + Sbe + S mh^ 

2 6 

the second =: n-fZL (c -|- ^. a+b) 

2 ^ 

_6 aC'\-e bc+Sma^+6mab+Smh^ 

12 

Finding the diflFerences between these and the correct for- 
mula, which are the values of x and y respectively, we obtain 



m.' 



an excess for the first of -;. a—b 

o 



m 



a deficiency for the second of—* a-^b 

where a and b, as usual, represent the heights at the ends, and 
m the ratio of the slopes. 

These corrections have to be multiplied by ii, the length of 
the section. 
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RAILWAY CURVES. 



flart tl)e /ifti). 



CHAP. I. 

The chief, in fact the only, object in introducing curves upon 
railways (for there are many objections attending them) is to 
avoid some obstacle, to pass round some town, or escape tun- 
nelling through some hill or other. The particular object in 
view will of course determine the points of starting and ending, 
as well as the length of the radius, — the curve, which leaves 
the previous straight line at the given point, entering also at 
the given point upon the subsequent straight Une, having both 
the previous and subsequent straight lines, tangents to it at their 
respective points of contact 

Straight lines upon railways are generally fixed first, being 
selected both for their distance and their gradients, and the 
curves are strictly subordinate to them. 

The relative position of these lines (which are connected by 
a curve, to which each is respectively a tangent) being perfectly 
arbitrary, dependent upon various circumstances, afewexamples 
are subjoined. 

T 



1 
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Fig. 1. 




Firsty let the two Tines run parallel or nearly so to each other 
intersecting at a point 
considerably beyond 
the required points 
of junction y having 
their directions re- 
presented by the 
UnesAB,CD(%.l.) 

They will be con- 
nected by the coor/l 
Tex arc bdy and the 
concave dcy or what is called the S curve. 

ff not parallel, and if token produced they will soon meet, the angle 
made between them being necessarily less than 180 degrees. 

Let AB and CD ^ Fig.2. 

(fig. 2) be not parallel^ 
but meeting when pro- 
duced at the point E. 
Then will the angle 
AED between them 
be less than two right 
angles. The curves 
that connect them will 
now fall within the 
angle^ and will of 
course be convex towards E. 

The connection of these two lines may be made by 

A single cttrve^ to which AB and CD are respectively tangents. 

In this problem, there are various conditions depending upon 
the peculiar circumstances of the case. 

First : AB and DC can be produced to E, the angle AED 
bisected, and any point F taken upon the line that bisects it, 
as a centre of a circle to which the given lines will be tan- 
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gents: the number of circles^ that will comply with the condi- 
tion, is as infinite as the points upon the line of bisection ; that 
point, therefore, will be regulated by the special object in view, 
of avoiding the obstacle (whether it be a hill, or town,) that 
may lie within the angle AED ; the perpendicular Fc, let iall 
upon DC, being the radius of the curve, increasing as the point 
F moves along EF, and flattening the curve, of course, as it 
increases. 

Thus a small or large radius can be taken as desired, limited 
only (as to its minimum) by the centrifugal force, or by the 
sanction of Parliament (generally no curve should have a less 
radius than 80 chains); and as to its maximumy by the position 
of the intervening obstruction. 

Within the above limits, however, circumstances may some- 
times render it desirable that the ^02/2^ oj contact (b) in AB 
should he fixed (fig. 3.). By drawing 6/* perpendicular to AB 
till it intersects the line EF, hf becomes the radius, which is 
now no longer arbitrary, andythe centre of the circle. 

Again, the points of contact (b) and (c) upon both lines are 
sometimes ffiven, 

NoWy if 6E and cE are Fig« 3. 

equaly the perpendicu- 
lars ^and cf will meet 
inf'y and AB and CD 
will be connected by a ^ 
curve whose radius is 
hfwcf. 

By a double curve. 

IfiEi he not equal to 
Ecy these points must 
be connected by two 
ciffves of different radii, 
but having the same normal, that is, the 0ame dttdight Hue 
being a tangent to each at the point of junction. 
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This problem admits of several solutionsy dependent upon the 

length of the radius H&. 

Let therefore any perpendicular whatever Hfc be taken, 
(Fig. 4.) such however, that the curve 6GF will pass beyond 
the other tangent 

From H the centre let fall the perpendicular HF, intersect- 
ing the curve at F; join Fc ^S*- 
and produce it to G ; join 
GH, intersecting the per- 
pendicular from the given 
point c in K ; R will be the 
centre of the other curve, 
and will have the same 
normal. 

For H being the centre, 
HF will be equal to HG, 
and HF and Kc being pa- 
rallel, KG will be equal to Kc, and because Kc is perpendi- 
cular to CD ; therefore CD is a tangent to this new curve 
Gc. — Q. E. D. 

{For a continuation of this subject see page 296.) 

In the case of the junction of the two lines by an S curve : — 

There are two conditions attached, — 

1. When the points of contact are given. Let AB and CD 
be the two tangents, and B and C the points of contact : it is 
required to connect them by an S curve. There is an infinite 
number of cases in which this can be done. As a general rule, 
take any equal perpendiculars whatever at B and C, (fig. 5,) 
viz.: BE and CF, join FE and bisect it in G; erect the per- 
pendicular GH, intersecting EB produced in H, join HF. 
F being the centre of one circle, H will be that of the other. 
For HF=:HE, and BE=FC and .-. FL, and.-. HL=HB, 
and they have the same normal. FC can be taken any length 
that the relative position of the tangent will admit 
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2. When the radius and one ofthepmTits are given. Let AB 
and CD be the tangents, c the given point, and cG the given 
radius. 

This problem' admits of several solutions, restricted only by 

the angle cC'C, which may be drawn in any position CC : 

describe the 

Fig. 6. 



A ,.-"' 




'D 



curve off and at/let falla perpendicular to AB ; bisect the ,angle 
B/C', and from B let fall a perpendicular to it B^, and through 
/draw ^'parallel to B^ ; h shall be the point of contact upon 
AB. From h erect hC perpendicular to AB, intersecting Cf 
produced ; bC shall be similar and similarly situated in relation 
to/C, as B/*is tofhy and therefore shall be equal to it 
The two circles will therefore touch at f. 
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CHAP. II. 

STAKING OUT THE CURVE. 

Having briefly touched upon the several cases that are likely 
to occur in practice^ and the general principles of the solution 
of each, let us proceed to the consideration of the usual me- 
thods adopted to stake these curves upon the ground. 

There are several methods of so doing. Each of them^ 
perhaps, finds its advocate among professional men, and 
therefore, without assigning any preference to any one, I will 
endeavour to explain them all. 

Firaty that which is called the old method, by curve frames^ 
which, with certain checks that are indispensable, has certainly 
its advantages. 

A, B, C, are three curve frames exactly alike. Be being the 
frame (of oak), which has a vertical slit to see through, nearly 
throughout its whole length: de and Jjgf are moveable arms, 
which pass through the frames be. They are connected by 
the string «, and can be fixed in any position by the screws at 
m and n. Plate VIIL, fig. 9. 

These arms are to be so adjusted that the distance from the 
centre of the string s to that of the slit, measured on de and Jff, 
must be exactly equal to what is termed among Engineers the 
required * ordinate* 

There are two ordmates used, the single and double erdhuUe, 

This has frequently been productive of serious mistakes, as 
sometimes (which is certainly the more correct of the two) 
the single ordinate is called the '' ordinate," and the other the 
" double." At other times (with those who generally use the 
double ordinate) the * double' becomes ^ the ordinate,' and the 
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Other, when referred to, is called the half ordinate. The term 
single ordinate is intended to express what mathematicians call 
the versed sine* This versed sine, which is the same measure 
(on a different scale) as the allowance for curvature, may be 
calculated in arcs of the common radii in the same manner. 

Let ABD be an arc of a given circle, whose centre is C, 
(fig. 7.) Let BE be a tangent of any distance (not greater 
than one-twentieth of the radius), it is required to find the 

ordinate 6D. This, within the limits 
above stated, can be assumed as DE 
(x), which is equal to sec. — ^rad. ; and 
Ho and BE also may be considered 
the same length. Now, by right- 
angled triangles, 

r+x=:r2+^2, where ^=BE or Bo 

throwing x^ away as indefinitely small in relation to 2rar, we 

have 

2rx^t^ 

and xrr --- or 

2r 

the single ordinate is equal to the square of the tangent divided 
by t«^ice the radius ; and as this divisor is a constant quan- 
tity, the ordinates (of a given circle) are, within the above 
limits, proportionate to the squares of the tangents. 

Beyond these limits, however, when Bo could neither be 
safely assumed as equal to BE, nor Do to DE, Bo and Do 
would have to be differently calculated. 

Bo, though strictly the sine, being still termed ihe tangent:— 

NowDo, being the versed sine, is equal to rad. — cos., and the 

cosine equals the V rad. 2— sin. S or preserving the same letter 
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for the new tangent as before, f, we have cos.z=zVr^ — t^, and 
the versed sine or single ord. =i r ^r^ — t^ 



1st, To run a Curve by a Single Ordinate. 

This is not so correct practically as that of the double or* 
dinate, the frame being covered by the string in this case, and 
the two strings being covered in the other ; yet it has the ad- 
vantage of being able to run curves of shorter radii, the arms 
de and fff (Plate VIII. fig. 9,) being only required to extend 
half the distance. 

Let SA be a tangent, (Plate VIII. fig. 10,) A the point of 
contact where the curve begins ; produce the tangent one chain 
towards S^, and measure off the single ordinate above calcu- 
lated with a rule towards the centre of the circle, at right 
angles to AS' ; this will give you a point in the curve. Place 
the curve fi*ame (2) here, and another (1) at the point of con- 
tact A, turning the strings inward ; then measure a chain care- 
fully towards (3) in the direction which covers the frame (1) by 
the string (2). Then take the curve frame (3), and placing 
it where the arrow is, seeing that it be perfectly perpendicular 
by a plummet, look through the slit in the centre and observe 
whether the string (2) covers exactly the middle of the frame 
(1). If not, move this curve frame (3) until it does; this will 
be a point in the curve. 

Then, measuring another chain in the direction, that covers 
the frame (2) with the string (3), place the frame (1) in that 
point, using the same precautions as before, to make the frame 
perpendicular, and to cover exactly the points of direction. 

The same process continued will give you as many points 
as you wish, and the arcs measured between these several 
points will be subtended by chords of a chain each. 

The principal objection to this method is, that the curve 
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frame is too large an object to be distinctly covered in the 
centre. 



2nd' To run a Curve by a Double Ordinate ; that is, with 
the siring set at twice the versed sine. 

The point of contact and the tangent being assumed as the 
same^ obtain the first point in the curve as before, viz., by 
measuring off the versed sine, or what would be termed, by 
those who generally use this ordinate, the /^a/f ordinate, at the 
distance of one chain from the point of contact Then, having 
the curve frames set at the double ordinate, place No. 1 at the 
point of contact (Plate VIIL, fig. 11,) and No. 2 in the first 
point of the curve, both strings turned inwards ; then, measur- 
ing one chain carefully in the direction that covers the two 
strings, look through the slit in the fi*ame, (No. 3,) and cover 
the two strings. This will give you a second point in the curve. 
Then, by taking up the firame, (No. 1,) and at another chain's 
distance onward covering the strings (2 and 3), you wyi obtain 
a third point. Any number of points may be obtained in the 
same way. 

The common objection to each of the above methods is that, 
practically, there are many sources of error ; for with perfect 
correctness in every detail — viz., as to the exact distance of 
the string from the slit, — as to the absolute perpendicularity 
of the firames,— as to the string being always turned exactly 
towards the centre of the circle, and the careful covering of 
the points of direction, — and all these are scarcely possible in 
an absolute sense — there can be but correctness after all. 



Overcoming obstacles by the two methods above. 

In the consideration of the preceding use of the curve 
firames, it has been assumed throughout that the ground was 
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perfectly flat and clear, and that no obstacle of any kind inter- 
vened either to secure the direction or to mark the point 

This, however, is anything but the case practically. Some- 
times the line of direction is intercepted by a tree, sometimes 
by the steepness of the ground, so that from the third point 
of the curve the points 1 and 2 are not both visiblei or are so 
placed that the one is seen altogether above or below the 
other: it is not easy to cover them in the latter case ; impos- 
sible, of course, in the former. Sometimes, again, a hedge or 
river &lls just where the point of the curve would come ; and 
though that point miff ht he determined for itself yet it destroys 
the line of direction for the next point And, therefore, some 
plan becomes necessary in practice to obtain an onward point 
from the position and direction of two points some 3 or 4 chains 
bacL 

1 . By the single ordincUe. 

Let the points 1 and 2 be known, to find point 4, 3 not 
being obtainable. (Plate VIIL fig. 12.) 

Cover the firame of (1) with the string of (2), having the 
firame set where the string is, and the string turned inwards, 
so as to make the string mark off a double ordinate, and measure 
two chains in this direction ; or turn the string of (1) outwards 
the string of (2) remaining in its right position, and cover the 
two strings : measure 2 chains in this direction as before. 

Points 1 and 2 being known, to find point 5. 

Set the firame (Na 2) in the same place, and the string in 
the same direction as in the last case, so that it marks off a 
double ordinate; and cover the strinff of No. 1, turned out- 
wards f by the string of No. 2 ; this direction, measured to the 
distance of 3 chains^ will be the required point in the curve. - 

Points 1 and 2 being known, to find point 6. 

Cover the string of No. 1, turned outwards, by the string of 
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No. 2, (marking a point of three times the ordinate inwards,) 
and measure 4 chains. 

2. By the double ordinate* 

Points 1 and 2 being given, to find point 4. Fig. 13. 
Cover the frame of No. 1 by the string of No. 2, and 
measure 2 chains. 

Points 1 and 2 being given, to find point 5. Fig. 14. 
Cover the string of No. 1, so placed outwards as to form a 
single ordinate, by the string of No. 2, and measure 3 chains. 

Points 1 and 2 being given, to find point 6. Fig. 14a. 
Cover the string of No. 1, turning outwards, by the string 
of No. 2, and measure 4 chains. 

In case of doubt on the field as to the exact method of determining 
any of the above unknoum points, the safer plan would be to find a 
tangent {the method of doing which will be explained below) at the 
point No. 2, and calculate the ordinate to the tangent^ at the point 
you desire. 

To find the next point in the curve, points 1, 2, and 6 only, 

beinff given. 

From Na 6 (fig* 14 a,) measure towards No. 2 one 
chain, and marking outwards from there a single ordinate, 
you will obtain that point where the string of No. 5 (set to a 
double ordinate) would come, so that by placing the curve 
frame in its proper place, you will obtain point No. 5 of the 
curve. 

Where points 1, 2, and 5, are given, (fig. 14,) measure to- 
wards 2 one chain, as before ; this will be the point where the 
string (to a double ordinate) of No. 4 should be placed. 

Where points 1, 2, and 4 are given, (fig. 13,) measure to- 
wards 1, and do the same as in the last, and No. 3 will be 
found. 
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The same principle will hold good for the single ordinate^ 
only that where the points of the string (to the double ordi- 
nate) are ^bund, twice the single ordinate will have to be 
measured outwards for the points of the curve. 

Two contiguous points being thus obtained, the next point 
will be found as before described. 



To run a Curve into a Straight Line, 
1 . By a single Ordinate, 

Let No. 3 (fig 1 5) be the point of contact, turn the string 
of No. 2 outwards instead of inwards, and covering the string 
of No. 2 with the frame of No. 3, measure 1 chain onwards; 
this will be a point in the tangent. 

Or, continuing the curve 1 chain beyond the point of con- 
tact, reverse the string at this point, turning it outwards ; the 
string will be a point in the tangent. 

2. By a double ordinate. Fig. 16. 

No. 3 being the point of contact, as before, the frames Nos. 
1 and 2 still remaining, take up No. 2, and measure onwards 
from No. 3 one chain, in a direction that covers the string 
of No. 1 with the string of No 3, and you will obtain a point in 
the tangent The line that joins this with the point of contact. 
No. 3, will be the direction of tangent 

To run an S Curve. 
1. Single ordinate. Fig. 17. 

Cover the frame No. 2 by the frame No. 3, at the distance 
of 1 chain, and you will obtain a point in the new curve ; then 
by reversing the string No. 1, and turning it inwards towards 
the new centre, and covering the frame of No. 3 by the string 
of No. 1, you reverse the curve. 
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This only holds good, of course, where the new curve is of 
the same radius as the old. 

When it is of a different radius^ a tangent must be found to the 
old one, at the point of contact; and the new curve, with the 
strings fresh set, must be run from that. 

2. Double ordinate. Fig. 18. 

No. 3 being the point of contact, cover the string of No. 2 
by the string of No. 3, at the distance of a chain from the point 
of contact, and reverse the frame No. 1, so that the string shall 
point towards the centre of the new curve ; the string of No. 1 
is the first point in the curve ; then reverse the string No. 3* 
and proceed as usual. 



CHAP. III. 

PRACTICAL CHECKS UPON THE CURVE FRAMES. 

In using the curve frames, the chief difficulty in practice con- 
sists not so much in the curve that is nm not being a perfect 
curve, as that from practical inaccuracy the ordinate may be 
somewhat more or less than that of the given curve. 

The Mowing is the usual check :- 

Let the tangent be produced from the point of contact,— say 
10 chains, — and erect a perpendicular till it intersects the 
curve ; this line is the single ordinate, or, to speak mathema- 
tically, this line is the versed sine to that portion of the tan- 
gent measured, viz. 10 chains, which is the sine — the radius 
being any length, (a,) measure the requisite length of the or- 
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dinate, and yoa will have a point in the curve. If the stakes 
put down from the curve frames agree with this first distance^ 
you may proceed* To do this, suppose another tangent drawn 
at this point, either way, it will intersect the former tao^nt at 
a certain point, which can be determined beforehand, and 
measured on the first tangent 

Thus, in % 19;— 

Let SA be the tangent, and let A be the point of contact. 
At A erect a perpendicular AC = 80 chains; from C, at the I 

distance C A, describe a circle ; produce SA to S', making AS' 
10 chains ; at S' erect a perpendicular to B, making SIB the 
proper length ; B will be a point in the curve. 

Again, join BC, and through B draw FBT at r^ht angles 
to BC ; FBT will be another tangent, and will intersect the 
former at T. 

Now because vers. sin. zzr^'y/r^ — sin.*, 
(for what is here termed the tangent is the sine,) 
and r=80 chains, and sin.=10 chains, 
therefore vers. sin. or single ordinate = 62^ links. 

Next, to find the angle at the centre, the rad. and sin. being 
given, we have the following proportion:- 

As 80 chains : rad. : : 10 chains: sin. 6 or ^ at centre, which 
= 7^ 11'. 

Now the ZCBTzrS'BP, being both right angles; by taking 
away the common angle PBT, 

the remaining z CBFr:^ S'BT, 
butz CBP is the complement of 7^ 1 1', wid .*. rr 82^ 49', and 
.•.Z.S'BT=82^49'. 

Again, to find S T. 

Assuming S'B as the radius in the right-angled triadgle 
«'BT, which is ft2f Imks; S'T will be the tangent to the angle 
at the base, 82® 49', and can be obtained by the Mowing 
proportion : 
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. A« rad. : 62 J links : : tan. 82^ 49' : S'T, which = 4-97 chains, 
(therefore AT=10'00-4-97=5-03 chains.) 

We shall, therefore, have the ordinate — 62f links, the 
angle S'BTzz82^ 49', and the distance AT, from the first 
point of contact to where the second intersects it = 5*03 
chains. 

In staking, therefore, these check lines upon the ground, 
having obtained the direction of the tangent AS', measure AT 
5 chains 3 links, and, placing a flag there, continue the mea- 
surement to 10 chains. 

At 10 chains, erect, by means of a theodolite, the perpen- 
dicular S'Bz:r62 J links ; and at B, which will be the second 
point of contact, place the theodolite, and from the line BS/ 
layoflF the angle S'BT=r82« 49'; if the check-work thus far 
be correct, the web of the telescope will cut the flag previously 
placed at T; if not, the whole must be done over again till 
it does. 

When this has been correctly done, revenie the telescope 
for the direction of the new tangent, and proceed as be- 
fi>re, marking off always as you go along where the next 
tangent will intersect the actual one, viz., at 5 chains 
3 links. 

These several points will be checks upon the staking out of 
the curve frames, and the stakes so put down should be altered 
to coincide with the first of these points, before proceeding to 
the rest 

This method, by the curve frames, is one of the many me- 
thods adopted by Engineers in running their curves, and 
perhaps one, with proper care aod attention, as correct as any- 
In connection with the check above explained^ it combines 
the two objects which are really indispensable, but which are 
not always looked at, viz., that of correctly conneeling the 
tangents which are already given in position aood at their points 



288 RUNNING OF RAILWAY CURVES. 

of contact, and also that of an uniform and continuous curvo, 
(that is, with a constant differential throughout) 

Other methods secure the former, but neglect the latter. 



CHAP. IV. 

BY A POCKET SEXTANT AND TABLE OF CHORDS. 

Another method which, under certain circumstances, has 
also its advantages, is that, which is based upon some of the 
propositions in the Third Book of Euclid, viz. — 

That the angle made between any chord and the tangent is 
equal to the angles in the alternate segment, — ^that all angles 
subtended by the same chord are equal, — and that the angles 
in alternate segments are supplemental to each other. 

If SA be a tangent, (fig. 20, Plate VIII.) and A the point of 
contact where the curve ABED begins, and firom the point A 
any convenient chord AB be drawn, then the angle S'AB will 
be equal to any angle ADB whatever, in the segment ADB, and 
the angle SAB will be equal to any angle in the segment AB. 

If, therefore, flags be placed at A and B, and any number of 
points required be taken between A and B whence the angle 
made between the two flags is equal to the angle SAB, these 
points will be points in the curve. 

Suppose, for example's sake, we have to run a curve of 80 
chains rad. fi:om A. Take the chord of any arc, say 20«>, the 
length AB of this will be double, the sine 10^ (for the chord 
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of an arc are equals twice die sine of half the drc); but the sin. 
10*^ equals the natural sine of 10*^, multiplied by 80, and twice 
this product will be the length of the chord in chains. 

Now the angle ACB (20*^), which is the angle at the centre 
C, is double the angle ADB at the circumference, and (the 
angle ADB being equal to SAB) is also double the angle 
S'AB, which is therefore 10^; and the angle SAB, being the 
supplemental angle, is equal to 170^, All the angles, therefore, 
in the supplemental arc from A to B will be 170% 

There is an useful little work on this method by Mr. B. C. 
May, Associate of the Institution of Civil Engineers, explana- 
tory of the uses of an instrument which he has invented, for 
the purpose of finding out these points, which are usually, 
taken by a pocket or box sextant. This instrument itself, how- 
ever, differs little from the box sextant, except that the arc is 
graduated only from 130^^ to 180"^; and that at the bottom of 
the box, underneath, there is a kind of trigger, for letting fall 
a pointed "rod, which, being released by pressure on a spring, 
just as the two poles are seen to coincide, strikes in the 
ground exactly under the centre of the instrument. 

This work is furnished with tables of chords, and the angles 
they make with the tangent, calculated to the radii that are 
generally used, and also with the distances upon the old tan- 
gents, and the ar.gles at which the new ones . intersect them, 
up to the radius of 240 chains. 

Having thus staked out the several points in the curve to B, 
a new chord, BF, will have to be taken. Consider what angle 
at the centre you would have it subtend, and the angle FBG 
will be half of it. (Fig. 19.) Say that this angle be lO®, then 
the angle FBG will be 5^. 

Now, because the angles S'AB and S'BA are each equal to 
the angles in the alternate segment ADB, they will be equal 
to each other, and the angle S'BA will be 10°; and therefore 
the angle ABF, whkh is the angle made at the end of the old 

u 
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chord, between the old and the new chords which has to b^ 
measured by the theodoUte, will be the supplemental angle of 
the sum of the two, ABS' and FBG, 

that is = 180^— 15^ or 165^ 

and the length of it will be, 

twice the pven rad., i. e., 2 (80) . nat sin, 6®=BF. 

Again, FBG being 5°, and therefore the angle S'BFziil75^ 
these will be the measure of all the points of the curve between 
B and F. 



CHAP. V. 

Having now briefly explained some of the different methods 
adopted in practice to guard against errors, we will proceed 
to consider some of those which are best calculated to remedy 
them. 

S Curves. 

In staking out a line upon the ground, it may, and does 
sometimes occur that the curve has been commenced from a 
wrong point, or that though a perfect curve, yet, in conse- 
quence of the strings of the curve frames not being set exactly 
to the fractional part of the inch, the curves which ought to 
meet are found either to fall short, or to overlap each other, 
but yet so triflingly that it may not be desirable to run them 
again. Under either of these circumstances, it is easier to 
connect them with another curve, or still better with a tangent. 
There are various conditions attached to this problem, viz. 



RUNNING OP RAILWAY CURVES. 291 

1. When the two cireks cross, these can be connected by a 
curve, which starts^ 

First From^a point in the convex curve. (Fig. 21.) 
Secondly. From a point in the concave curve, with any 
radius. (Fig. 22.) 

Thirdly. The radius being given. (Fig. 23.) 

2. fFhen these circles fall short ^ each other y they can then 
be connected — 

First, By a common tangent to the two. (Fig. 24.) 
Secondly. By moving the whole curve along the tangent, 
that is, by commencing at a new point upon it (Fig. 25.) 



PROBLEM I. 
When the two Circles cross. 

CASE I. 

(From a point in the convex curve.) 

Let NM and DL be the two curves which cross each other. 
Let Z> be tite point in the convex curve where the new curve is to 
begin. Let A and F be the centres of the two given curves. 

Join AD, produce it to C, so that AC shall be equal to the 
sum of the two given radii. Join CF, and bisect it in B ; 

^-ry J- Fig- 21. 

erect BK perpendicu- , 

lar to it, K will be the ^' ^"^-- 

centre of the required \ \ /-^^^ 

curve. \ ^*-v — •'^ / 

For AC being equal 
to the sum of the two 
radii, and AD being 
one, DC equals the 
other, and equals FE 5 but KC and KF are equal .•. KE=iKD, 
and as the line KEF, which joins their centres, passes through 
the point of contact, they have the same normal. 




292 



KUNNING OF RAILWAY CURVES. 



CASE U. 

(From a point in the concave curve, with any radius, as before.) 

Let A and F be the cen- ^^s- ^^ 

tres, as before, and let E he^frrS^-l r::--^*l 

the point given in the concave \ / '\ / 

urve. l; \ / 

From the centre F draw 
F£ indefinitely, passing 
through the given point £ ; 
draw AG parallel to FE> 
and equal to the two given 
radii ; join GF, and produce 
it indefinitely ; then from the centre A, at the distance AG 
describe a circle intersecting the line GC in C. Join AC 
and through F draw FL parallel to AC. 

The point K will be the centre required, and D will be the 
point of contact. 

Because ACmAG, LF— LG, and therefore AC— LF or 
KC=rAG— LG, or KF. 

Again, DC was made equal to the rad. FE, and therefore 
DK equals EK, and K is the required centre. 




CASE iir. 

(When the radius is given,) 

Let B be the given radius, and A and 
F the centres, as before. 

Join AF, and from the centre F 
describe the arc at K equal to the 
radius of one of the given curves (EM), 
plus the given radius. Again, from 
A, describe an arc equal to the differ- 
ence between the given radius and 
and that of the other curve (DE), K is 
the centre. 



Fig. 23. 
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For FK=the sum of the radius of the curve EM, and the 
given curve, and.'. EK= given radius B; and AK=:the diff. 
between the radius of the curve DE and the given curve, and 
.*. KD^given radius B. K therefore is the centre required. — 
Q. E. D. 



PROBLEM If. 



When these circles miss each other. 



CASE I. 



(By a common tangent to the two.) 



Fig. 24. 




\ 



/ 






7 



Join AF, and upon AF as a 
diameter describe the circle; 
then from F and A, as centres 
with radii equal to the sum of y /' 
the radii of the given curves, , \ 
describe arcs intersecting the / 
curcle at E and D. Join EF and \ 

1 
\ 

AD, intersecting at K and C. \ 
KC shall be the tangent required^ \ 

For the triangles ADF, AEF 
are equal, and the trapezium 
ADFE, being inscribed in a 
circle, has its opposite angles DFE and DAE equal to two 
right angles ; but they are equal to each other, each therefore 
is a right angle, and therefore AD and EF are parallel ; and 
because EF is equal to the sum of the radii, therefore KE 
equals AC ; and therefore ACKE is a parallelogram, and AEF 
being a right angle, CKE is a right angle, and CK is a tangent 
to the curve DK. 

For the same reason DCniFK, and .*, CK becomes the 
tangent to the other curve. 

Thus being a common tangent to the two. — Q. E. D. 



A 
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CA8B U. 

(6j moving the whole curve along the tangent or determining 

the correct point of starting.) 

Let PN be the tangent, and P the Fig 25. 

point of contact; fix>m A draw AE^ 
parallel to the tangent, and from the 
centre F, with a distance equal to the 
sum of the two radii, describe an arc 
intersecting this line AE^ in £• From 
E draw £E parallel to AP; E will 
be the centre, and EH will be equal 
toEE. 

FE=:their sum, and therefore FH 
being one, EH equals the other, and 
touches in H. 

Again, AP equals EH, and AP equals KE, therefore EE 
equals EH, and E will be the new point in the tangent — 
Q.E. D. 




Explanatory Bemarks. 

In applying these problems to practice, it must be under- 
stood, that though strictly correct theoretically, yet in practice 
— as the whole error originates not in the theory, but in the 
imperfect carrying out of the practice — ^theory alone will be 
insufficient to remedy it 

The only data that an Engineer has upon the ground are 
two curves staked out, that ought to touch each other, but do 
not The error may be either in incorrectly running the 
curve, or in starting from the wrong point The remedy of 
the former is that of running the curve over again; of the 
a tter, as it can only have arisen from previous incorrectness 
of survey, is that of starting from the right point 



RUNNING OF RAILWAY CURVES. 295 

As the curve, however, may be a true one, though with a 
slight error in the radius of curvature, (and in fact this may 
be the case with both curves,) it may be deemed desirable to 
connect them with a tangent : this of course will be a practical 
remedy, a correction of the curves as they are, and not as they 
ought to be. The first thing, therefore, to be done, is to 
determine the relative positions of these curves, not from their 
tangents, but from the curves themselves. 

At any point K of one of the curves, by means of the curve 
frames, run the curve into a tangent, selecting the point such 
that the tangent, if produced towards the other curve, will come 
near to it, but not cut it. On this tangent, at a point nearest 
the second curve, erect a perpendicular to it, measure the 
length of the tangent thus taken, as well as the perpendicular ; 
the relative position of two points, one in each curve, will be 
thus obtained. And by measuring other lengths in the tangent 
and other perpendiculars to each curve, the relative position of 
the curves will be determined. If the correctness of the radius 
of either curve be questioned, a tangent and a few ordinates 
taken to each will determine iU 

Now the positions being thus known practically, as well as 
their actual radius of curvature, and a point being fixed upon 
each, the principles of the problem, (Prob. 2, Case l, page 293,) 
for finding the points C and K, may be safely and practically 
brought to bear. 

In case u., where it is proposed to start at another point 
upon the tangents, the curve being supposed incorrect, or a 
different radius being desired, — 

Adopt the same plan upon the ground as before ; viz., run any 
point H in the first curve into a tangent, take ordinates upon 
it to determine the position of the curve, produce the tangent 
till it intersects the tangent PN produced, if necessary, and 
measure both tangents and the angle between them; all the 
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Fig. 26. 
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required data will be thus 
practically obtaineil. Then, 
if the radius be given^ the re- 
quired point of contact can 
be obtained by the figure, 
Prob. 2, (Case n., page 294;) 
and if the point K be given^ 
and the radius be required, 
then through K draw the per- 
pendicular TKE, TK being 
equal to FH, the radius of 
the first curve, and KE, in- 
definite ; join TF, bisect it in O, erect the perpendicular 
OE, intersecting TE in E, E will be the centre, and EK 
and EH the radius of the new cui*ve. 

ForTO=FO, and OE is perpendicular, .-. TErzFE, and 
TKziFII, .-. KE=HE, and KE is perpendicular to NR — 

Fig, 4, j>age 276, practically explained. 

Produce A* and DC till 
they intersect in E, measure 
the angle AED, then from 
the given point b erect a per* 
pendicular 5H of the desired 
distance, and at H construct 
the angle -5HF, which will be 
the supplemental angle to 
AED; makellF^m. Any 
lines drawn from F, cutting 
ED anywhere between L and C, and produced to the circum- 
ference between ^C, will comply with the conditions of the 
problem; for let GF be drawn in any direction, cuttingLC in 
A, through h draw hh parallel to HF, and therefore perpendi- 
cular to ED, the triangles FHG and likG are similar, and 
.-. GA—A^, and .*. k and H are the two centres, and the line 
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HAG, which joins them, passes through the point of contact, G. 
The circles therefore touch, and hk being perpendicular to^ED, 
DA is a tangent to the curve. Any other point H might have 
been taken, and theoretically equally true ; but as the first 
radius, BH, is constant, the other, AA, keeps decreasing as the 
point G moves towards C, and increasing toward 6. There 
would be a practical limit, therefore, to its approach towards C, 
and towards A, where F6 intersected DC in /?, the perpendi- 
cular, Twp, would be the greatest, as mp would be then zi to mh. 
This would, however, destroy the conditions of the question, 
as it would reduce the problem to one curve instead of two, 
and shorten the given radius hil by iwH. Within these two 
limits, therefore, — the one, of a minimum of radius, the other, 
of retaining the two curves, — ^it may be desirable to suppose 
one given. This must, of course, be less than FH ; let it be 
Vd\ from HL cut offLa=Ftf, then through a draw an indefi<- 
nite line parallel to CD ; from hH cut off ^=La, and from 
H, at the distance IH, describe a circle cutting ak mk\ join 
HA, and produce it to G, A shall be the centre of the second 
circle, and AG and AA shall be each equal to aL. For HG= 
HF, and HkzzYLd .\ AGzrrfF; but AArzaLrzrfF .-. AGnAA, 
which is parallel to HF, and therefore perpendicular to CD,— 
Q. E. D. 



CHAP. VI- 
STAKING OUT THE SIDE STAKES. 

Before giving out the contracts, after obtaining the Act, in 
addition to the centre stakes, which are usually planted at 
chain distances throughout the line, side stakes have to be 
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driven in on each side of these centre stakes, in order to mark 
the proper width of the railway. 

In doing sa due allowance must be made for the height of 
the cutting or embankment, as well as for the ratio of the slopes' 
and the widths of the side and sur&ce ditches. In determia- 
ing the number of acres that the company would be likely to 
require for the line, and in estimating the probable expense of 
it, prtvious to depositing, these things would have to be taken 
into account ; but then they would be based upon the hypo- 
thesis, that the cross sections would be leveL And for the ob- 
ject in view, this approximation would be suflBciently correct- 
After the Act, however, as the contractors must know where 
to extend their excavating, and the company what quantity 
out of each field they shall have to purchase firom the respective 
proprietors, it becomes necessary to determine the exact posi- 
tion of these side stakes, as they are affected by the lateral 
inclination of the ground, so as to calculate accurately the solid 
and superficial measurements required. 

Before going out to determine these points, the Surveyor 
should furnish himself with the differences between the reduced 
levels of the ground-line and those of the gradient line at every 
chain distance, one of which, in fig. 22, Plate IX., is repre- 
sented by AH. Let these differences be denoted by A, A', 
A", &c 

Now if the width of the railway be taken as c, (see page 
252,) including the whole width required for the line, side and sur- 

face ditches, hedges, &c., and the ratio of slopes as m, we shall 

c c c 

have „ + mh'i - + mh", - + mJi', &c., as the half-widths of the 

^ 2 Jt 

railway, supposing that the cross sections of the country be 
in every case perfectly level ; that is, (fig. 22,) if A be taken 
as the point where the centre stake is driven down, and BG 
be the cross section of the gradiant line, (the railway being 
supposed to be in a cutting,) and if Bi» and Gw' be the direc- 
tion of the slopes ; then, if the cross section of the ground be 
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taken as level, viz., in the position of FS, then Am> Am' will be 
the distances upon the surface, and they will be equal to each 

other, and in every case the formula-^ + »» (J^9 or A', or A ' or 

h'") will be the required distances, to be measured off on each 
side of the centre stakes. 

The Surveyor must therefore calculate these distances, and 
insert them in his field-book, placing them in a column along, 
side of the number of chains that the centre stakes, to which 
they refer, number respectively on the main section. These, 
as has been above stated, will be the distances that the side 
stakes would have to be placed iSrom the centre stakes, if the 
cross sections were level. In most cases, unless the side slope is 
considerable^ they may be safely assumed as such, and the Sur- 
veyor will then merely have to measure these distances. 
Should it, however, be so; not being, for instance, in the 
directien FS, in figure 22, but in that of FS', then, as the 
other lines will be unaltered, BG being the width of the rail- 
way, and Bm and Gm' the direction of its slopes, it will be 
perceived, on inspecting the figure, that, in order to obtain 
the points where these slopes will come out upon the surface, 
Gm' on the right will have to be produced to y, and Bm on the 
left will stop short in x; so that the side distances will be, on 
the right Ay, on the left Ax, Ay being longer, and Ax shorter, 
than the constant distance Am. 



It is required to determine practically Ay and Ax. 

This could be done by taking the cross levels wherever they 
happen to be sloping, and laying them down upon paper, and 
then, AH of course being known, drawing the several lines 
BG, Bm, and Gm of the cutting, and thus determining the 
respective positions on the surface of x and y. 

But the following method, which is adopted by many En- 
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gineers^ and which is done at once in the fields seems from its 
simplicity and practical accuracy, to be infinitely preferable. 

Let fig. 21, Plate VIIL, represent the ground plan of a por- 
tion of a line, showing the position of the side stakes, or, y; 
x\y\ ar",y", &c., and taking in four chains. Let P be the 
point where the spirit-level is placed, (it should be so placed 
as to command, if possible, the whole of the four chains at 
once.) Let A, fig. 22, be the centre stake, and x and y (fig. 21) 
the side stakes ; F' S' being the slope of the ground, 

Their position is required. 

Let LS' be the level line, as seen through the telescope, and 
supposed to be higher than any one of the side stakes. Then' 
considering the angle of the ground slope 7^'AS to be such 
that An' can be safely taken as equal to Am', and HG being 
=: 15 feet, AH:z:20 feet, and the slope 1 to 1, we shall have 

AyznAn-^np -^p's* +«'«>'+ v'y 
=35+6+24-14-0=44, 

and AoTTzAn— wp+P*^"*^^^**^ 
=35-6+2— 1 + Ozr30. 

That is, in general terms, 

Ay= ^ + »i(A)+nV-hi?'r '+«'»' (see Plate IX») 

and Aa?iz -- + w (A) — wo +^r — sv + 

but n'm}:=n'o*\ ^'o'zzjjV, and sV'zr^'t?', 
the slopes being 1 to 1 ; 

and generally|w'o'=?/2(w'm') where /w= ratio, andw'm'=r AC — rin' 
and p'o'=n'n"—p'p'*y &c.; where AC, ^^'/^", p'p'', &c., are the 
several readings of the staff. Let these readings be r, r , r'\ 
r", &c. 

Now, if the spirit level be fixed and turned to the centre 
stake at A, and the reading AC (r) be found, say 10 feet, and 
then turned lo 71' (the distance An' being previously measured. 
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such that An' would be the point where, if the ground were 
level, the side stake would come), and the reading nn" (r') 
taken there, 4 feet ; n'm' would = 10—4, or r — r' = 6 feet ; mea- 
bure 6 feet further avmy from A to p, and without moving the 
level, read oSp'p" (r") = 2 feet 

Now po or pr'z=n^n" — p'p"=^4: — 2=:2 feet, measure 2 feet 
still further from A. Let the next reading be 1 foot, then 
2 — 1 will be the distance still further to be taken, thus making 
the whole distance Ay::^44 feet This will be in the direction 
up the slope ; Ax in the direction downwards will be less than 
Aw. AC (r) will of course read as before, 10 feet, [should 
the ground, however, fall so much as to be more than 12 feet 
under the level line of the telescope LS', then it will be ne- 
cessary to take, if possible, all the readings on the riffht of the 
centre line first, and move the instrument for those on the 
left,] and let the reading at w, n" be 16 feet (r) nm=:nn"' — Ac 
zur — r=r.l6— 10=:6=wozrwp. No,w, because the second read- 
ing is greater than the first, measure np^=z& feet towards A, 
and read pp'"{r") 14 feet; nn"- pp'—po—r' — r" = 16— 14^r2 : 
because the third reading is less than the second, measure this 
two feetaw^ay fi-om A; the next reading will be found greater 
than r"; let r"=15 feet; measure this therefore /•'"-- r", or 
15 — 14rzl back towards A to x. The distance Ax thus taken 
will be found to be 

zz35— (16— .10)+(1()— 14)-(15— 14)=r30fect, 

and generally where r, r', r'', r ". &c,, are the respective read- 
ings, and Ay represents the rising ground, and Ax the falling : 
then in a cutting, and vice versa, in an embankment, 

Kifzz^ + w(A) 4-»i(r— rO+wiC*-'— >•") + m{r*'^ r'% &c. 
and A:czz — 1-^(^) — »*(^' — r)'\-m(r* — r") — m(r"' — r"), &c. 

C 

Now \-m{]i) will probably vary with every chain; they 
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must therefore be calculated to each befor 
field, and then entered in a column in your fii 
distances to which they refer. 

The following plan I should recommend 
one to a be^nner : to keep the left-hand le« 

m the leji'hmd lea/, thu 



A» V-r" I r'-r" I r'-r I I 

the -f- and — abore the columns showing the direction die ' 



8-40— 8-20 
10-20— 8-20 



8-40 -7-60 
10-20— 2-40 



wS^ 



As the ground lalls very ropidly here, it becomes necessary to mo4 
It sometimes happens also, that the ground on the right rises a 
(in the second line), and the point where r" should be taken is toj 
fore set out of line must be taken, and the instrument carried u| 
will still be the difference between the reduced leveh of r' and ^' 
moved; let the 0-30 now read 8 '60, and r"5'00; then f'—r"=5-H 
be of course 5O0, the last placing of the instrument. Should r"'bi 
the difierence between the two readings, is less than a foot. I 
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of the line^ and vice versa, and commencing the distances on 
the main section from the bottom upwards; — ^the right-hand 
column of the left leaf being the main distances in chains ; the 
left-hand one of the right leaf being the side distances belong- 
ing to them. The other columns would stand thus : — 

en the Hght'hand leafy thus : 

+ + + 

%-\-mk \r-r'\ r'-r" | r"-r"' \ Ay 



■• 


distances have to be measured, whether towards or away from A. 




; 


Side 

Distance. 

Feet. 


+ 
r r' 


r'-^r" 


+ 


Ay 
in feet. 


1 
V 


48-00 
49-50 
49-80 
51-60 
60-00 


8-50— 6-70 

7-60— 3-20 

11-00— 4-20 

11-00 3-90 

11-50—11-00 


6-7C— 5-80 
3-20— 1.00 
4-20— '3-60 
3.90— 1-50 
11-00—10-20 


5-80— 5-00 
100— 0-20 
360— 0-40 
150— 0-30 
10-20—10-00 


51-50 

56-90 

60-40 

62-30 

61-50 



^ the instrument, and take r again for the left side, 

* rapidly, that in the r' — r" column the reading of r' may be, say 3*20 
high to be observed without moving the instrument : in this case a 
higher. The point where the next reading r " will have to be taken 
Thus, let r' read 3*20 and the foreset be 0*30, and the instrument be 
— 0-30+ 8-60— 5-00=r6-50; the reading of r'^ in the third column will 

I more than a foot less than r", continue the reading till (f^^r^^ *), or 
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FIELD NOT£8^ ETC. 

End of the left side of Base Line, 



From 1630 on 1660 



32 
32 





to 76*43 on Base line 



From 092 od 962 



16-60 
16-30 A 
1500 

9-80 

6-00 

3-00 

0-20 

0-14 



Strtto68-57onB u. 



poni 
20 + 30 



Brook 



From 56-37 on b. l. 



Brook^ 
From 310 on 888 



From 4500 on b. l. 



r«: 



From 093 on 2492 



50 

18 

27 

9 

5 



8-04 
7-48 
7-38 
7 00 
6-30 
500 
3-50 
000 



I 19-57 
10-00 
300 
2-00 
0-92 
0-86 



to 25 back from 400 on 888 
X 




10-19 
0-80 



to. 093 o\i 2492 



30 



6-76 
610 
5-00 
3*00 
0-00 



to412 back from 1655 on 1655 



15 
26 

36 ^ 
20 / 






to 95 b^ck from 5060 on b. l. 
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80 



35 
22 

40 

35 
60+80 
80+24 
10+15 
25+20 



From 1300 on 2518 



6-30 
6-70 
5-50 
4-88 
4-17 
400 
3-16 
3-10 
3-00 
2-40 
2-20 
1-30 
0*72 



r 

From 2492 on 2518 




77 



A 
A 



to 18 back from 6038 on b. l' 



A on gate (3 notches) 




X straight to oflFset 60 
at 4495 on B. l. 



From 245 on 245 



11 
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J 
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10 



From5-50on5-50 




3 
6 



From 1*80 on 1 '80 



5-42 I to 9-57 on 26-16 

5 04 

010 



From 1 -80 on 1 '80 



4-68 
1-00 
000 



to 4-90 on 10-46 

16 

20 



j j Um iHtlll lH 



n 



A 1*80 
1-23 
0-46 
017 



From 4- 12 on 13*88 




"1 =cr 

From 1 90 on 1-90 



10 
10 



1-34 
0-38 



to 3-00 on 9-21 




A 
5 



Garden 



I 
From 3*21 on 4*22 



3 




1-90 
176 
0-42 
0-39 
0-29 
0-19 
0-00 




From 103 on 1*20 



Orchard 



From 3*21 on 4*22 




to 3-64 on lQ-40 
20 




30 



-^i 



% ••* n -» 



4-22 

4-17 
3-52 
3-21 



( 



to 9-40 on 12-10 
^ Garden 
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\ 



From 591 on Il040 



15 


3-06 





2-69 


23 


0-42 







O titlH * 



Kick Yard 




From 0*98 on' 442 



to 60 back from 1704 on b.l.. 



Straight to 970 on b. l. 



From 576 on 1388 




to 98 back from 970 on b. l 




From 724 on l7'24 



to 904 on 1388 



19 
37 




80 




to 24-00 on 2616 



From 1787 on 'b. l. 




1 
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I 9-21 
3-00 
2-98 
2-84 
2-53 
0-71 
0-48 



to 27 back from 17-87 on b l. 
A 



r 



From 13-88 on 13-88 





60 



20 



•••- 15 

7 

25+10 



16 



19 



20 

16 
16 



From 85 on b. l. 



13-88 
13-24 
12-20 

11-97 

11-92 

11-82 

11-38 

10-00 

9-10 

904 

7-70 

711 

6-77 

6-58 

6-09 

5-88 

5-76 

4-12 

200 

1*40 

114 



to 16-04 on 26-16 



30 



20 
R 



45 

A 
40 



20 
A 

36 




From 5-22 on 5-22 



9-17 I to 26-16 on 26^16 



From 5-50 on 5 -50 





5-22 


A 


1-40 


40 


1-00 


10 


0-00 



to 25 back from .29*52 on b.l« 



r 

From 26-16 on 26-16 



5 
14 
15 



5-60 
4-00 
3-75 
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, 26-16 
' 24-75 
24-50 
24-25 
24-00 
22-20 




35 

95 

90 21-85 

88 20-55 
85 18-50 
70 17-40 
i7 00 
16-68 
1604 
16-00 
15-10 
60 i 14-65 
13-87 
1210 
45 9'98 
9-57 
0-30 



i 



10 



From 10-43 on 10-46. 



H 



High Road 
25 




From 0*70 on b. l. 




'---i^e^ 




-X 



A to Barnet 




End of right 



Occ. 



12 

-22 

18 
13 



19-82 
1900 
18-90 
18-50 
18-32 
18-00 
15-00 



Side of Base Line, 
to 55-00 on fi. L. 



50 



Road 



32 
23 
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6 




From 6*65 on 16*46 




13-00 

11-60 

11-25 

8-30 

7-00 

6-00 

5-00 

4-00 

300 

•200 

100 

0-60 

0-30 

000 



1 



30 
62 
A 60" 

65 

60 

50 

60 

70 

40 

12 ; 

20 



L 



to 8-05 on 1202 



D- 



Straight 




Brook 
H- 
High 

From 9-83 on lO'OO 




12 



30+40 
40 



25 
55 
52 
35 



to 76*43 on b. l. 



A on top of fence 




Barnet Road 



r 

From 2-06 on 12*02 




■■I ' • 



35 
25 
27 



D 

H 

High Road 
H 



1202 
10*00 
9-00 
8*60 
8*05 
5*60 

4-70 
4-00 



to 22 on from 63*08 on b. l. 



X 
X 
X 



to Barnet 

X- 

200 
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From 5-57 on 570 



4-00 
300 
206 
2-00 
1-20 



200 

A 
120+45 

45-t-20 



> 



r 



J 



i) 



n 

From 15-28 on 15-28 




nearly in the same directiou* 



D. 



Hendon 




195 
Finchley 



n 



From 11-12 on 15-28 



H. 



D. 



From 13-40 on 15-28 



High 

55 
50 
40 
25 
18 
—10 



18-59 
18-30 
18-00 
15 00 
11-00 
9-55 

9'08 
8*88 
8-80 
7-90 
7-14 
2-00 
1-00 



to 11-48 on 17-25 
X 




Parish 



13-70 
10-14 
9-50 
9-28 
9-00 
6-00 
3-35 
2-80 
100 
0-40 



to 89 on from 55*00 on b. i.. 

X 

Bamet Boad 
X 



1 
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From 9*67 on 9*67 



15-28 
15-15 
14-72 
13-40 
11-12 
1072 
1-00 



A 
A 



45 



to 9 67 on 9-67 
80 



Finchley 
Parish 



From 89on from 55 '00 on b.l. 




Hendon 
Parish 



Centre of Brook 
Parish Boundary 



-f 24 



n 



13 

Finchley A 

12 

14 



From 7'24 on 17'25 page 3 





Parish 



J 25+40 

55 

25 



8-69 
7-55 
4-00 
2-38 
1-90 
1-00 



to 4-85 on 23-20 
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Occ. Road. 



r 

From 18-68 on b. l. 



D- 



070 
0-65 
0-60 
0-30 



along the hedge 



25 
25 



35 








7-52 


to 7-24 on 17*25 




35 


6-30 






30 


600 






25 


2-20 






18 


1-20 




1 


1 






From 5-65 on 13*78 






- 






13-78 


to 15-73 on 23-20 






1300 


87 






9-20 


17 






A 


565 




St. to off. 35 at 






5-64 


27 


18-68 on B. L, 






5-48 
4-70 
4-50 


25 
20 
30 








4-00 


25 






3-00 


15 






2-00 


25 






1-00 


40 


r 








From 45 on from 29'52 on B.L. 


1 






17-25 


to 38*20 on b. l. 






11-60 


30 








11-48 


A 








11-00 


35 








8-00 


45 




• 




7-40 


, 




• 




7-24 
5-60 


45 


-^ 






4-00 


45 






2-00 


25 


n 








From 23-17 on 23*20 


, 










23-20 


— ■...._ 




A 


23-17 


A40 ^^ 






20-00 


32 / 






16-00 


20 / 






15-73 
14-72 


A / 


/ 


10 


25 


/ 


12 


13-00 




7 


34 


11-16 
10-00 




< 




5-17 









^ 
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r 

From 10-79 on 19*27 



100 


5-17 


•-.^^ 


5-07 




5-00 


A 


4-85 




4-20 


, 


4-10 


20^ 


4-00 


3-50 


35 


3-00 


42 


200 




to 7-«0 on 19-27 



Straight to 
1140 on 1927 



r 

From 9-70 on b. l. 




Straight 

to 978 

on 1398 

From 13-98 on 13-98 




to 82 back from 17*87 on b. l. 
X A 



\ 




D 



r 

From 0*23 on b.l. 




X A 



Lane 
10 



X 



D- 



D 




7670 
76-43 
68 57 
68-29 
67-55 
65-73 
65-63 
63-20 
63-08 




X A 



Finchley 





—I- 



35 



A 4- \90 
10+ 4^ J 



Occ. 
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End of the left side of Bate Line. 

66-50 
66-37 
56-13 
55-00 
54-85 
54-00 
51-00 
50-80 
50-60 
5000 
46-30 
46-00 
45-00 
44-95 
44-00 
43-28 
43-00 
42-50 
42-17 
41-86 
41-00 
40-35 
40-00 
39-72 
38-45 
'38-20 
29-52 
29-30 

26 07 
23-90 
18-68 
18-40 
18-10 
17-87 
17-47 
17-27 

9-70 

1-83 

1-60 

1-56 

0-85 

0-70 

0-35 

0-23 

0-20 

0-10 

o-oo 



110— 
D— 



D-QO 
H — 

D — 



A 




-A-+ 



■AX 



/ 






From A 



Bearing 
Base 



N8°E 
AB 




X 



Line 
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FIELD NOTES, ETC. 




1170 
10-60 
1000 



To 59-00 on A.B. 
160 




Road, 



From 23-80 on 23-90 



From 6-15 on 35*00 




23-90 








23-80 


A 






23-70 








20-00 






x^,-- 


14-30 






// 


14-10 






// 


14-00 




290 




6-00 






1 ' 


5-00 








4-00 




^ 




1-70 


^ 


y^ 




0-85 


X 






0-50 


~~'^\ 







^ 

\ 
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12 



Lines found to 
have been omit- 
ted. 





From 600 on 16*80, page 5 



13-50 
13-00 
9-80 
5-00 
3-90 
3-60 
2-50 
1-70 
1-30 
0-70 
0-25 



to 8-53 on 15-60 
30 j page 6 

30 




Lock 



From 8-50 on 9*40 




to 33-70 on 35-00 



■ 0, 




Canal 



From 13*90 on 13*90 



230 



Occ. 



From 33-70 on 35 00 



13-90 

12-50 

1-90 

0-60 

0-40 



to 64-00 on A.B. 






Road. 



Newton 




From 2-15 on 1100 



^ •■— 


18-90 


30 


16-00 


10 


11-40 


10 


1110 


10 


9-90 


50 


8-50 


70 


7-00 


20 


4-00 


30 
) 


2-75 



to 10-45 on 19-50 



Harcourt 

50 

" 1 



11 
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From 94-00 on A. B.' 



P 



60 
50 
40 



11-00 
9.90 
9-50 
4-00 
1-35 
1-00 



to 19-30 on 33-45 
30' 




From 18-65 on 19-50 



50 
30 
20 
20 



From 4-00 on 35-00 



33-45 
33-00 
28-50 
26-00 
23-30 
19-50 
18-60 

i;-oo 

12-50 

12-30 
9-60 
7-00 
5-30 
4-40 
1*00 




50 
70 



/ 



1400 

12-80 

11-60 

8-00 

0-90 

0-30 



is: 




3500 
34-50 
34-00 
33-90 
33-70 
27-40 
27-30 
26-70 
25-50 
20-20 
14-00 
12-90 
12-80 
12-60 

11-00 
7'20 
6-40 



Canal 



to 79-30 on A. B. 
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10 




90 / 10 

From right side of base line 




-..!.-. 




Check line 




From 5-00 on 10-90 



30-90 

27*50 

23-80 

18-70 

18-00 

17-60 

16.50 

15-50 

14-50 

14-00 

13-00 

12-70 

12-40 

11-80 

9-50 

7-00 

5-80 

300 

0-60 



to 21-10 on 22-90 




to 6-60 on 19'50 



r 

From 18-65 on 19-50 




to 16-43 on 16-43 
page 2. 



n Path 

From B on base line 



19-50 

18-65 

12-00 

10-90 

9-00 

6-30 

5-90 

5-00 




Great 



f 



From 10-10 on 17*03 



12-00 
10-00 
9-70 
8-00 
500 
4-25 
1-10 
0-80 




to £ ., on Base Line 
Wigston Parish 
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Newton Harcourt 



180 
pond 80 
170 



Froml7-00on20*30 




50 
100 



17 03 

15-40 

11-50 

10-40 

10-10 

5-50 

4-40 

4-20 

3.52 

3-50 

310 

200 

1-60 

1-45 

1-40 

0*75 

0-50 

0-40 



to 101-50 on A. B. 
80 
120 

A 
90+20 





to 9400 on A.B* 




Filling in of 
Base Line a. b. 
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